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MULTI-STAGE REGULATOR 


For fine control and absolute 
consistency of outlet pressure 


40-LINE REGULATOR 


For use wit pipelmes 


Answering the need of industries where accurate and reliable 
pressure control is essential, B.1.G. Regulators are precision built 
instruments which can be used with confidence. 


These hand-built Regulators will ensure constant flow of required 
volume through the full range of outlet pressures, irrespective of 
pressure drop in cylinder or pipeline, and are available for 

use with the majority of industrial gases. For precision 

pressure control insist on BJ.G. Regulators. 


Descriptive leaflet available. 


If you have a problem B.1.G. technical staff 
will be pleased to help. 


British Industrial Gases Limited 


<S}> 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





Sales and Technical Assistance available in most areas 








ELECTRODES 


Derertalsilly 
Rhnibe Sites caus. 17 Pal of 


ROCKWELD LIMITED, COMMERCE WAY, 
CROYDON, SURREY. Tel. CROYDON 716! (5 lines) 
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for single 
multi-operato 


welding 


THE GENERAL ELECTRIC COMPANY LIMITED - MAGNET HOUSE - KINGSWAY - LONDON WC2 
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FROM BRITISH i \ {fj FOR BRITISH INDUSTRY 


ARC LENGTH CONTROL 
New automatic 
Argonarc welding head 








DODDDDDD. 


This new Argonarc welding head with 

arc length control adjusts itself automatically 
to undulations in the metal surface to maintain 
a constant arc length at a pre-set voltage . . . 
provides all-electrical features for complete 
welding cycle ... is suitable for use 

with A.C. or D.C. ares and is voltage stabilized 
to the degree of plus or minus 10 volts... 

the control circuit is sensitive to a change 

in arc voltage of 0.05 volts . . . response 

time 4 cycles ... can be mounted for high quality 
circumferential, longitudinal or contour 
welding in the full range of metals associated 
with the Argonarc process. 

Write for fully illustrated literature. 
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Marconi Industrial X-Ray Equipment 
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250 kV GONSTANT POTENTIAL X-RAY EQUIPMENT 


Attached to the Extending Suspension The Self-propelled Mobile Mounting can 
Mounting running on overhead rails, the be manoeuvred about the shop floor, 
Marconi Tubehead can be manipulated with enabling large components to be inspected 
ease over the largest components as, for without disturbing the flow of production. 
instance, the one-piece cast steel bogie shown (Photo by courtesy of W. J. Fraser & Co. 
(Photo by courtesy of English Steel Castings Ltd., Chemical Engineers) 

Corporation Ltd.) 


Some tubehead mountings for ihe 250 kV Constant Potential X-ray Generator 


GANTRY 
TUBESTAND 
OVERHEAD 
SUSPENSION 
DUAL- 
TRAVEL 
TUBESTAND 


GENERATORS AND TUBEHEAD MOUNTINGS FOR ALL TYPES OF WORK 


SINGLE 
COLUMN 
TUBESTAND 


Radiographic inspection before machining often saves time and 110 
money — and is an assurance that safeguards your reputation. 





Saves Time Aids Production Ensures Quality 


The only British 
transportable unit for 
both panoramic and 40 
techniques 


175 kVp 


Circumferential welds can be X-rayed 
with one exposure. Moisture-proof, 
dust-proof and shockproof, it is British 
made and guaranteed for one year 
Sample radiographs on request 








kVp Right) The complete 


equipment on a mobile mounting. 


Write for Leaflet AQ20 on Marconi Industrial X-Ray equipment lel 


designed for the non-destructive inspection of welded and cast 
components. 


MARCONI 
bor X-Ray 


London end the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 
Midlands : Marconi House, 24 The Parade, Leamington Spa. Tel : 1408 North : 23/25 Station Square, 
Harrogate. Tel : 67455 (transferred from Hull) 


MARCON! INSTRUMENTS LTD - ST. ALBANS - HERTS . TEL: ST. ALBANS S616! 


A fluoroscopic cabinet which 
also provides 

facilities for 

radiography 


tia 
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Welded by 


JENKINS 


OF ROTHERHAM 


Arc welding on a large transformer tank. 


Robert Jenkins & Co. Limited specialize in the 
welded fabrication of industrial plant. Modern 
techniques are used, in a large capacity factory, 
to produce storage tanks, ducting, fractionating 
columns and other processing and storage plant 
in mild steel, stainless steel, clad steel and alu- 
minium. The petroleum, chemical, and nuclear 
power industries are among many served by 


Jenkins. 


Welded fabrications and fusion welded pressure 
vessels to the requirements of Lioyd’s Class 1, 
A.S.M.E. and A.O.T.C. codes and similar 


specifications. 


ROBERT JENKINS & CO. LIMITED, ROTHERHAM 


Telephone: 4201-6 (6 lines) 


JANUARY, 1959 





I MecSveredece= 


iii lll 


COMM yp tttetetsstln 1 4494449 UY 
Mt Ley, wm 0b W/)j33}- 


SSS 
SS 


SSS 
SS 





AVtttpy, 4 
Y yy POVILLA YA 
Yy Gj 
t Ya 4 
WW EP_ 
74 YZ, VY Y/1, 
Gitte: 4 oy UV AOWPPRL 
Y; j YG: y y they . a Y Yy Y Y WY iy 
L te, eee oor Ly ws yin 





NWS 
\ 
WY 


\ 


4 


INO 


\N 
N 


SS 
SSS 


ou 
WN 
~~ 


NS 
\ 


iYQDMQVAAAGAG 
\\N 


AAAS AN 


Th cetnnns 


N 


7 


< 





SN SS 
XC 
\\ 


WN 
WN 
SN 


KX 
SO 
SN 


\ 


N 


\ 





SN 


z 
Se 








s 

J 

N 
A 
N x 


Y 


wre “GY oe mma 
iy ES MMM ON WY / ial Go Yrs 


Yili 4, ‘tty, Wi Un YW 


epasnes bl ~d iG ; vy Ys 


LA 
‘ S44 
4% 


TSS 


Ny 
SS 


SE 
oy 


SO“ 


SY 
s 


“Canmyy MMM 
Ui 


Uy i hy 


\ 





_ _ Wi Mi 
wou wtb VAAL Unionmelt Multi-Power Tandem Welding at Hunterston 
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Unionmelt Multi-Power Tandem Welding. ‘Two separate 
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Quasi-Arc Unionmelt Automatic Welding 
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exchanger vessels 
welding installation includes two high-lift welding booms 
and ten 40- 
Acknowledgements to The General Electric Co. 
and The Motherwell Bridge & Engineering Co. Ltd 
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welding heads are used, each with its own power source 
and arc control system 
welding of steel plate up to 12 inches thick at currents up 
to 2,000 amperes. 
Atomic Power Station for the on-site welding of heat 


It is suitable for rapid multi-pass 
The process is being used at Hunterston 
The complete Quasi-Arc automatic 


ton roller beds. 
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—for speed, economy and quality 


THE UNIONMELT PROCESS 


@ automatic submerged-arc welding, 
depositing molten metal from a con- 
tinuous bare wire electrode on to 
the parent metal through a blanket 
of flux powder. 


e weld metal completely protected 
from contamination—no loss by 
spatter or vaporization. 

@ easy slag removal—peels off when 
cool. 

@ smoothest possible weld finish. 

@ high welding currents give fast 
welding speeds, deep penetration, 
and minimise distortion. 


world leaders in arc welding 





@ approved by Lloyd’s and other 
inspecting bodies for welding pres- 
sure vessels to Class I standards. 


@ wide range of welding heads— 
stationary and self-propelled—for a 
variety of duties. 


@ wide range of wires and powders 
available for various applications. 


@can be used with A.C. or D.C. 
power supply. 


@for details of the full range of 
Unionmelt equipment write for 
technical circular 102. 





NEW British-made Unionmelt Powders 


Quasi-Arc are pleased to announce that their well- 
established range of original Unionmelt powders is now 
being made in Great Britain under licence from the Union 
Carbide Corporation, U.S.A. 

The increasing demand for powders of the highest 
quality has led to the setting-up of new and improved 
manufacturing facilities, so that even closer control can 
be maintained over powder composition and welding 
performance. 

The new Unionmelt powders now available have 
increased tolerance to steel plate conditions and are 
especially suitable for the welding of British-grade steels 
in this country. 





Quasi- 


Arc Limited, Bilston, Staffordshire 
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The buildings which comprise 

the new High Altitude Test 

Facility of this world-famous 

company, are of all-welded rigid 
~ SSeS SSST Se frame construction. The total 


we of V = 
oy. ft. it | ene eens 


Ca mn a laa sie ] is approximately 1,200 tons. 
rj tz Bes ape et wom ETI Consulting E 
an onsulting Engineers: 
’ att rani’ r ere McLellan & Partners 
Tr ual! ss 
in Association 
with Merz & McLellan. 





Consulting Civil Engineers: 
R. T. James & Partners. 


pOl@smom STEELWORK 
chosen for the new ROLLS-ROYCE 


HIGH ALTITUDE TEST FACILITY OPENED AT DERBY ON SEPTEMBER 26 


JOHN BOOTH & SONS (BOLTON) LTD., HULTON STEELWORKS, BOLTON 


Telephone: BOLTON 1195 London: 26 Victoria Street, Westminster, S.W.1. Telephone: ABBey 7162 








How good is the job? 
How well is it welded? 


One question answers the other: 
if the welding is up to the 
Butterfield standard it can’t be 
improved upon; the metic- 
ulously careful finish inside and 
out sets the seal on really fine 
workmanship, to the specification 
of Plant Engineers, in 


STAINLESS STEEL 
MILD STEEL 
ALUMINIUM 
AND NICKEL 





Butterfield 


W. P. BUTTERFIELD LTD. P.O. BOX 38, SHIPLEY, YORKS. Tel. 52244 (8 lines) Welding of Aluminium is by either 


Branches: LONDON Tel. HOLborn 2455 (4lines) BIRMINGHAM Tel. EAS 0871 and EAS 2241 BRISTOL the Argon Arc or Argonaut methods 
Tel. 27905 LIVERPOOL Tel. CENtral 0829 MANCHESTER Tel. BLAckfriars 9417 NEW CASTLE-ON- 


TYNE Tel. 23823 GLASGOW Tel. CENecral 7696 BELFAST Tel.57393 DUBLIN Tel. 73475 and 79745 
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Dragged and scuffed through half the world’s shipyards, construction sites and engineering 
works, Mersey Welding Cables show remarkable indifference to their hard life 
being just as likely to go on serving you long after others have outlived their usefulness. 
In part, this extraordinary toughness and flexibility is due to the care and skill 
of the men who make them, partly to the fine quality materials used and lastly to the 
advanced manufacturing techniques evolved by the Mersey Cables research and 
development teams (they were the first to give you irradiated cables!) All of which adds up 
to this: if you’re looking for a really tough, flexible, long-life welding cable—look 
to Mersey. Write, on official letterhead please, for our Leaflet No. 1/103 on Welding Cables. 


The toughest most flexible 
welding cables come from. 
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MERSEY CABLE WORKS LIMITED: LIVERPOOL 20 
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Metrovick Welding Equipment 


for Modern Engineering 


2 
a 


Borg-Warner automatic transmission used on 
British and Continental cars is now produced en- 
urely in this country. The fabrication of the 
hydraulic torque converter is an achievement 
which depended largely on solving a number of 
welding problems. Distortion had to be avoided 
because of the close dimensional tolerances re- 
quired in many components and only a small 
departure from true balance is permissible with 


| 








the high rotary speeds employed in the converters. 
In addition, the economics of present-day produc- 
tion necessitated fast, automatic welding techni- 
ques. All of these exacting and important welding 
requirements have been met by the use of several 
different types of Metrovick automatic submerged 
arc and resistance welding equipments, including 
a number of machines specially designed for 
the job. 


METROPOLITAN-VICKERS 


An A.E.I. Company 


LEADING WELDING PROGRESS 
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1. After the hub of the impeller has been 2. For welding the hub to the impeller shell 3. After vanes have been inserted, a filler 
pressed into its shell, the hub plate is welded a Metrovick submerged arc unit is used. An adapter drain plug is welded into the impeller 
inside the shell using a Metrovick 600 kVA essential feature of this machine is the electronic shell. A counterbalance weight is welded on 
projection welder control of the arc the diametrically opposite side. This is carried 
out on a Metrovick 150 kVA air-operated 
projection welder, automatically setting the 
weld time for each operation. 





Fabricating the 
BORG-WARNER 
HYDRAULIC TORQUE 


CONVERTER 


4. The turbine assembly must be balanced to 
within 0.1 oz.-in. Balance is corrected by spot 
welding strip metal on to the vanes using a 
Metrovick 50 kVA portable machine. 











5. The completed clutch and flywheel as- 6. After testing the assembly for leaks a Metrovick 7. In the final balancing of the complete 
sembly and the converter assembly are fitted Archway Type multi-spot unit is used to attach assembly this Metrovick 75 kVA portable 
together and then welded with a Metrovick the blower. Sixteen spot welds are made with four spot welder is used for welding weights to 
submerged arc machine. This was specially air-operated heads. Control is by thyratron timer the outer casing. The air-operated welding 
designed for circumferential welds on Borg- and ignitron contactor. gun is mounted on a pivoting arm, balanced 
Warner converter casings. for ease of manipulation. 


L/w 603 
JANUARY, 1959 1] 
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Consulting Engineers: Sir Bruce White, Wolfe Barry & Partners 


For strength and durability and economy in cost, steel is unequalled as a structural material. The 
knowledge of its properties enables bridges and framed structures of all types to be designed 


within the most exacting limits. Illustrated is part of the structural steelwork for a Power Station. 


BRAITHWAITE & CO. 
ENGINEERS LIMITED 


Bridge and Constructional Engineers 
LONDON OFFICE! DORLAND HOUSE: REGENT STREET - LONDON - SWI TELEPHONE: WHITEHALL 399 


BRITISH WELDING JOURNAI 





54 million 
pounds 
of steam 
per hour 


lilustrations by courtesy of 
Babcock & Wilcox Ltd. 


The world’s first 500 MW atomic power station is being built by the English Electric, 
Babcock & Wilcox, Taylor Woodrow Atomic Power Group at Hinkley Point, in Somerset. 

he station will have two reactors, each contained in a 67 ft. spherical pressure vessel 
of 3-inch steel. Each reactor and pressure vessel, when completed, will weigh 5,500 tons. 

There will be six Babcock & Wilcox dual-pressure boilers to each reactor. Each boiler 
is go ft. high and a1} ft. in diameter. Total evaporation will be 5,500,000 lb. of 
steam per hour. 

Welding, by specially-chosen operators, is to Lloyds Class I standards, and every inch 
of every weld is radiographed. On this type of work, where examination is critical and 
a fine-grain film essential, ‘Crystallex’ X-ray film is used to provide evidence of 
perfect welding. 


Kodak Industrial X-ray Films 
... first choice of inspection engineers 





One of the many little services given freely by Kodak is the calibration of your X-ray set and 
the provision of a chart showing the correct exposure for any type of work done on that 
particular set. By referring to this chart you can reduce trial-and-error exposures on new jobs 
and produce a satisfactory radiograph first time. As no two sets behave exactly alike (being 
affected to some degree by outside conditions, such as the local power supply) this individual 
treatment is rather essential. 

If you would like our specialist to call and make up a chart to suit your X-ray set, please 
write in the first place to Kodak Limited. 


Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
JANUARY, 1959 





Do you know.... 


that the men in this picture are 
showing how a game of marbles is 
started? 


Do you know, too, that anything 
new in welding is sure to be found 
in “SIF-TIPS”’? You can make 
certain of receiving the magazine 
regularly by filling in the coupon. 





THE EDITOR, “SIF-TIPS” 
SUFFOLK IRON FOUNDRY (1920) LTD. 
STOWMARKET, SUFFOLK 


Please send regularly copy/copies of ““SIF-TIPS’ 


ADDRESS 








INCREASED EFFICIENCY 


PRODUCTION 


Sheet Metal Engineers should investigate 
the advantages offered by the Meritus 
range of Resistance Welding Machines 


SPOT, STITCH, BUTT AND SEAM WELDERS 
MODELS FROM 5-60 KVA Pedal or Air Operated 


Write for details: 


MERITUS (BARNET) LTD 


BARNET, HERTS. 


TELEPHONE: BARNET 2291/2 
Meritus Pedestal Type 
Spot Welding Machine Gold Medal and Bronze Medal. Brussels World Exhibition 1958. 
The Engineering Centre Collective Exhibit. 
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-and KERR work all the time! 


This 15-ton Yates patented travelling 
rotator has been designed to produce 
Class 1 work and can be used for 
internal and external automatic 
welding of both longitudinal and 
circumferential seams. 

The elevating arm is 20ft. long 

and there is complete control 

of all operations from a 
pedestal-mounted panel. 
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YAT $ PLANT LTD. 


WHIDBORNE STREET ONDON W.¢ 
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British Code No. E. 217 (B.S.S. 1719) 


Approvals 

Complies with B.S.S. 639, 1952 Fast running at comparative low currents with excellent pene- 

(parts one and two) 
BRITISH 

Admiralty — Mild Steel — All positions Electrodes. It is unsurpassed in the arc welding of Mild Steels 

Lloyd's Register of Shipping (united with 


British ¢ pa Register) and as a useful application in the joining of Structural Steels 
/ positions 


Ministry of Transport — All positions and Steels to B.S.S. 968 and B.S.S. 970 (E.N.14). Excellent for 
NORWEGIAN 
Det Norske Veritas — All positions 


Also for welding “W" and “WW” removal. 
quality steels 


tration make the Invicta “SPEEDWAY” the most economic 


general engineering work, simple operation and easy slag 


* Used by some of the largest Write for full details of the complete range of INVICTA Electrodes which 
Shipbuilding and Engineering 
Works throughout the world cover every industrial purpose. 





(Member of the Owen Organisation) 


INVICTA ELECTRODES LTD., BILSTON LANE, WILLENHALL, STAFFS. Telephone: James Bridge 3131. Ext. 308 
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ABRASIVE BELT 
MACHINES 


PRODUCT OF THE Merrcaflex GROUP 


HEAD OFFICE 


B. O. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 (PBX) 
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lustrated above is a Dust Cover for 
hydraulic machinery with an overall 
length of 23 feet, sliding doors at side 
and removable top covers. The main 
frame is of all-welded construction. This 
is just one of the many examples of Steel 
Fabrications by Thos. Marshall & Son Ltd. 


STEEL FABRICATIONS sy THOS. MARSHALL 


& SON LTD. 
WELLINGTON BRIDGE, LEEDS, 12 . ‘GRAms: ‘cisTERNS’ LEEDS, 12 - TEL. 32186 (5 lines) 











ARMOURED HEATERS 


for the pre-heating and stress-relieving of 
welds and other forms of heat treatment. 


Flexible resistance heaters to operate at working 
temperatures up to 800°C (1472°F) readily pro- 
vide heat treatment to code requirements and 
have many advantages over other methods: 


x LOW INITIAL COST + LOW POWER CONSUMPTION 


te EASILY INSTALLED %& EASILY CONTROLLED 
te SAFE LOW VOLTAGE +& PORTABLE 


lIlustracion shows typical set-up being prepared for heat 
treatment and welding 


(photo by courtesy of Foster Wheeler Ltd.) 
Please write for the new illustrated leaflet No. W/321 


Electrothermal 


ELECTROTHERMAL ENGINEERING LTD. 
270 Neville Road, London, E.7. Tel. GRA 9911 
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THE NEW SATURN-HIVOLT 


Surge injector 


Argon Arc Welding Unit Mk.1a 





permits 
continuous 
welding up to 
300 amps 


The Argo& Arc process for weldin= stainless steel and 
aluminium and its alloys is ali sa‘ well Known in 
industry. The new Saturn-Hivolt machine incorporates 
the surgejinjection principle of arc maintenance and 


is capabl@ of continuous arc welding up to 300 amps Machine Dimensions 


from a 44 volts A.C. open circuit supply. This gives Mk. la. 30” high by 25” wide and 28” long 
complete Bafety to the operator and considerable run- This machine is meunted on castors and 


ning econbmy. The arc is stable and starts from cold is both compact and mobile. 
: We also manufacture and distribute a wide 
without 4 carbon block and the control of gas and 


water supplies is entirely automatic. 





Lymington, Manchester, 
Sunderland, Thornaby-on-Tees. 


Contractors to:— 

The Admiralty 

British Railways 

The Ministry of Supply 

U.K. Atomic Energy Authority 
Australian Atomic Energy Authority. 


SATURN INDUSTRIAL GASES LTD., GORDON ROAD, SOUTHALL, MIDDLESEX. PHONE: SOUTHALL 56II 
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ANGLO- 
SWEDISH 


ELECTRIC WELDING CO. LTD 





FIRST GLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH etectric wexoine co. itp 


Head Office: WOOD WHARF - GREENWICH - LONDON SE10 
Telephone: GREenwich 2024-5 
Phone, Call or write us NOW for immediate service 
LONDON - GLASGOW :- LEITH 
NEWCASTLE - LIVERPOOL 





COLOUR 
BROCHURE THIS DESCRIPTIVE COLOUR 


BROCHURE SENT FREE ON 
REQUEST 





To Photographic and Radiological Departments: 


Anew PURHYPO 


Silver Recovery Unit 


PURHYPO - for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver - now comprises a new and simpler 
equipment. 


Just fix the rectifier unit on a wall conveniently near the fixing tank, 
and suspend the electrode assembly in your tank. If fixing space is too 
small, the electrodes can be fitted after working hours, or in a separate 
reserve tank to which exhausted hypo is transferred for regeneration. 

The deposit on the stainless steel strips of the cathode can be easily 
removed in the form of flakes of pure metallic silver. 


Recovers the silver. Saves fixer. Improves fixing time 


Sole Agents for British Commonwealth: 


D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 


*no moving parts 
¥* no risk of frothing 


¥* negligible current 
consumption 





BRITISH WELDING JOURNAL 








it must be tough 
and flexible for this kind of work! 


BICC Welding Cables have the toughness 
and flexibility essential for welding work. 
The tinned copper conductor is rope- 
stranded, vulcanised rubber insulated and 
tough rubber sheathed, giving a_ hard- 
wearing, easily handled cable which resists 
splattering metal and can be twisted with- 
out kinking. 

BICC make cables for every kind of 
welding appliance and stocks are held at all 
Branch Offices. 


Other Welding Cables include a special 
heavy duty type with extra thicknesses of 
insulation and sheathing, as well as types 
with vulcanised rubber insulation and poly- 
chloroprene (P.C.P.) sheath P.V.C. insul- 
ation and sheath. 

The sizes available range from 100 to 600 
amperes capacity. 


Further information is contained in Publication 
No. 389 - available on request. 


BICC | WELDING CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED - 21 BLOOMSBURY STREET - LONDON W.C.1 
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The electrodes for 


VOHEES 


Developed by ‘ENGLISH ELECTRIC’ primarily 
for shipyard use, VOHEES Welding Electrodes can be used 
for flat, horizontal, vertical and overhead welding. 
VOHEES Electrodes are approved by the Ministry of Transport and Lloyds 
Register for welding mild steel, and by the Admiralty for welding D.D.W 
steel and mild steel. 
Send for publication WA/136 and literature covering the 
range of standard ‘ENGLISH ELECTRIC’ welding electrodes. 


ENGLISH ELECTRIC 


welding electrodes and equipment 


THe ENGLISH ELECTRIC Company LiMiTED, MARCONI House, STRAND, LONDON, W.C.2 


Welding Electrode Division, Clayton-le-Moors, Accrington, Lancs. 


STAFFORD PRESTON . RUGBY BRADFORD LIVERPOOL . ACCRINGTON 
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Seam welding is the quickest method of making 

pressure-tight joints in thin sheet steel. It is also the 

cheapest .. . but much depends on the electrodes used. 

For large work or small, seam welding or spot welding, 

there is no better electrode than a MALLORY - and Specialised Products of 

no better electrode material than MALLORY 3. , 
Production engineers know that when they buy h ly 
MALLORY they buy not only metal but efficient | nson Uy 


welds and long, trouble-free service — and this is true 
= m= Matthe 


Booklet 1200 “Mallory Resistance Welding” is free on request. 


JOHNSON, MATTHEY & CO., LIMITED, controlling MALLORY METALLURGICAL PRODUCTS LTD. 
73-83 HATTON GARDEN, LONDON E.C.i. Telephone Holborn 6989. 


7s. elephone 292! 2. 
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TOP DISCS! 


In metal finishing shops today’s ‘top’ Abrasive Discs are 
Behr-Manning—because their performance is three ways 
better. They push the production rate up, they push finishing 
costs down and they produce a better, more uniform finish. 
In short they give MAXIMUM CUT FOR MINIMUM COST. 
It’s no wonder then that those who are looking for ways of 
improving their product and reducing their costs should 
switch to world famous Behr-Manning Abrasive Discs after 
giving them a trial. To arrange your trial see your Norton 


Representative or write to us at the address below. 


BEHR-MANNING Abrasive Discs 


will save you money! 


BEHR-MANNING Coated Abrasives 


Beif 


NORTON GRINDING WHEEL CO. LTD. 


COATED ABRASIVES DIVISION, WELWYN GARDEN CITY, HERTS. Telephone: Welwyn Carden 4501 (10 lines) 
NORTON and BE 


HR-MANNING factories also in Argentina, Australia 
( _ PF erma it 


BEHR:-MANNING Germany. Malu, Northern Ireland, South Africa 61 
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PRESSURE WELDING CONFERENCE 


Pressure Welding of Metals 


1 Conference on this subject was organized by the Department of Industrial 
Metallurgy at the University of Birmingham, on 19th June 1958, under the 
Chairmanship of Professor E. C. Rollason. The papers presented at the Con- 
ference were: (1) ““Opening Address” and “Introductory Survey” by Professor 
E. C. Rollason; (2) “Industrial Practice in Cold Pressure Welding”, by J. A. 
Donelan (Research Laboratories, General Electric Company); (3) “Pressure 
Welding by Rolling”, by L. R. Vaidvanath, M. G. Nicholas and D. R. Milner 
(Department of Industrial Metallurgy, Birmingham University); (4) “Pressure 
Welding by Relative Movement Between Surfaces”, by Dr. E. Holmes ( Depart- 
ment of Metallurgy, Nottingham University). 


INTRODUCTORY SURVEY 


By E. C. Rollason, M.SC., PH.D., F.1.M., M.INST.W. 


© supplement the academic work now being 
undertaken in the Department of Industrial 
Metallurgy at Birmingham University, occasional 
conferences! are organized to promote the exchange 
of information and ideas with other workers in the 
field and to bring together the ‘know why’ and ‘know 
how’ aspects of the work 
The subject of the second conference was Pressure 
Welding, a process which has developed largely em- 
pirically. As a result, the understanding of the pheno- 
menon of pressure welding lags behind its practice 
and no satisfactory theory has been developed, al- 
though several hypotheses have been advanced as to 


the nature of the controlling parameter. The object of 


this brief introductory survey is to outline the origins 
and development of the practice of pressure welding 
and the progress that has been made towards estab- 
lishing a theoretical model. 

To the metallurgist there are three basic welding 
processes: fusion welding, brazing or soldering, and 
pressure welding. In the first two, intimate metallic 
contact is achieved by the use of molten metal with or 
without a flux. This molten metal serves two vital 
functions: 

(1) It eliminates the need for smooth faying surfaces to secure 
intimate metallic contact, because molten metal accom- 
modates itself to the contour of the metal being joined 

(ii) The molten metal, with the help of fluxes or melted parent 
metal, removes non-metallic films from the surfaces being 
welded, thus assuring intimate metallic contact 

In pressure welding the break-up of oxide films and 
intimate contact of surfaces have to be effected largely 
by pressure without the aid of molten metal. 


Manuscript received 14th November 1958 
Professor Rollason is Head of the Department of Industrial 
Metallurgy at Birmingham University 


Historical Background 


As early as 3000 B.C., in Egypt, iron was prepared 
by producing a metal sponge and hammering it to 
weld the particles together. From very early times, 
also, the idea of joining metals by pressure has been 
employed by the blacksmith in welding wrought iron; 
though this is a somewhat special case for the slag 1s 
molten at the welding temperature and is squeezed out 
from the joint. 

The general realization that metals could be pressure 
welded came with the advent of resistance butt weld- 
ing, invented by Professor Elihu Thomson in 1887 
[he process was accidentally discovered by reversing 
the current through an induction coil, which resulted 
in the ends of the primary coil welding together.” A 
description of the process appeared in the Scientific 
American of 26th November 1887.* Professor Thom- 
son was very astute in realizing that resistance heating 
could be used to make joints, and such joints used to 
make money. As a result he formed a company which 
manufactured the machines, leased them out on a hire 
charge and also took 20-33%, of the economy effected 
by the use of this technique. 

In electric resistance welding, however, the non- 
uniform current distribution is liable to form a liquid 
phase locally, and it may be argued that this process 
is not strictly solid-phase welding. The first outstand- 
ing evidence of cold pressure welding was presented 
as early as 1724 by Rev. J. I. Desaguliers in a demon- 
stration to the Royal Society. Figure 1, taken from the 
Philosophical Transactions, illustrates the experiment. 
Two lead balls, from which ? in. dia. segments had 





*See reproduction on p. 186 of the British Welding Journal, 1955, 
vol. 2 
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VI. Some Experuments concernmg the Cohefion 
of Lead, by the fame. 
Sp dy ae Be the agtb of April laft, 
Searieedan iene eaten 


Part of their Surface (fo as to require a Weight 
than what will petted: Preffure’ of 


he oma tofeparate them) made by Mr. Trie- 4) 
vall, at Newcafile, and at Edinburgh , | wade the fol- 
rea ons ao to the Gme rpole, before the 
Soe 
sock coe Lenten Balls A and B (Fig. 1.) the firft 
7 Pound, and the other two Pounds, 
each -—s a7 cut off a Segment of 
d them 1 — A 
' Mo apy a iante ry to being th ¢ flat 
‘a0 well as 1 cou'd. The Balls ftuck fo 
that when tht Hand H, by means of a String, fuf- 
in’d the Ball A, the lower one B by reafon 
‘ 8 Conta aC C) was fuftain'd, tho” loaded with the . 
wae onl Wes E, which amounted to <4 
Pounds A little more Weight added feparated them, 
viewing the tooching Surfaces, it appear'd 
did not exceed a Circle of # Inch Disme- 
« bur this Surface can hardly be meafur'd exactly, 
en account of irs Irregularicy. The Experiment was 
repeated feveral Times. and rhe Cohelion of the Balls 
wa different every Time. 
On Thurfdg the 6th of this Month, 1 made the 
‘ t another Way, at the Meeiing of the So. 
euety - es after thew Kiling, before feveral of che 


Mens 


ih ie 


been cut, were pressed together with a twist and were 
The joint strength was measured 


found to be joined. 
on a steelyard and, although there was some scatter in 
the results, good bonds were produced with some as 
strong as that of solid metal. It is to be noted that both 
pressure and movement across the interface were used. 
In spite of this early demonstration of solid-phase 
welding the process was mainly limited to roll bonding 
of clad metals, which was developed from about 1935. 
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Reproduction of Desaguliers’ 
description of his cold welding 
experiments (From Phil. Trans 
Roy. Soc., 1724, vol. 33, p. 345) 
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Two new developments, involving little deforma- 
tion, are pressure welds on small angled tapered shapes 
such as turbine blade shanks, and the application of 
ultrasonic vibrations.* This latter process is claimed 
to involve less than 5°, deformation and low static 
force, but it possibly produces localized heating at 
the junction faces. 

The normal methods of measuring the bond strength 
of the three common forms of pressure welded joints 


The second world war accelerated further develop- 
ments, especially in Germany where light alloy cooler 
elements for aircraft were pressure welded in Pantal. 
From 1945 the pioneers in Great Britain of the appli- 
cation to small components were the General Electric 
Company, which carried out a considerable amount of 
work on the development of suitable surface prepara- 
tion techniques, dies and tools for giving satisfactory 
cold pressure welding. Now it is widely accepted that 
most metals can be pressure welded, if not at room 
temperature, then at higher temperatures. 

An advantage of the process is that the joint 
possesses none of the weaknesses inherent in the cast L 
structure associated with ‘fusion’ techniques, and in SSa— 
fact the forged structure is advantageous with metals 
such as beryllium and molybdenum. It is also the only 
metallic joining process which can be carried out at 
room temperature, and it is therefore particularly suit- 
able for the ‘canning’ of delicate components such as 
detonators and transistors. Its main disadvantage 
results from the high plastic deformation and pres- 
sures required, but further research and suitable design 
work may indicate ways of minimizing these. 


shown in Fig. 2 are as follows: 


(a) Small tool welds are tested by a tension-shear test, which 
gives a value between the tensile and shear strengths of 
the joint. The actual area of weld is not known and it is 
not always satisfactory to use the tool area; also at high 
deformation the joint becomes stronger than the parent 
metal 
Butt welds are most conveniently tested as tensile speci- 
mens, but the joint strength is probably not uniform across 
the interface 
Clad materials present a very difficult problem; a shear 
test is specified in A.S.T.M. standards, but it requires 
considerable preparation and is not widely used. 


etna 
pre 


ae 
Types of joint and bond strength Li 

Three common forms of joint, shown in Fig. 2, con- 
sist of small tool welds used instead of riveting pro- 
cesses; butt joints for joining rod, tubes, etc. ; and roll- 
bonding used for the production of clad metals, or 
the manufacture of heat exchangers by blowing out 
an unwelded pattern of passages.* 


SMALL TOOL BUTT CLAL DING 
WELDING WELDING 

Types of pressure welded joint and methods of mea 

bond strength 


ing their 





ROLLASON: 


As these tests were not entirely satisfactory in giving 
unambiguous results the Birmingham workers spent 
some time on the development of a new test which 
would be capable of giving results amenable to analysis. 


Important Parameters and Theories of Pressure Welding 


In the past, an empirical approach has been suffi- 
cient to establish suitable conditions for producing 
bonds of adequate strength. But with increased appli- 
cation of the process there have been many more 
papers dealing with fundamentals and establishing 
the important parameters, though the work has not 
yet led to a satisfactory model. Most workers have 
assumed that welding is controlled by one particular 
parameter and have usually investigated this to the 
exclusion of others. 

Some of the less important factors affecting weld- 
ability are similarity of crystalline orientation of 
mating surfaces, elastic recovery, prestraining, and 
subsequent heat-treatment. The parameters with the 
greatest influence however are temperature, deforma- 
tion, pressure, surface condition, and surface move- 
ment. These are briefly considered in the following 
section. 


INTRODUCTORY SURVEY 


Temperature 

At first it was thought that heating was essential to 
bonding, and even now some workers® regard tem- 
perature as being the overriding factor. This can be so, 
of course, at the extreme end of the range, i/.e., with 
light pressure. 

The main effects of heating are: 


(a) It may increase the solution or cause melting of the oxide 
film, or evaporate the surface contaminants 


(b) It increases atom mobility, i.e., diffusion, and these 
atomic movements are particularly pronounced at allo- 
tropic transformations*® and at recrystallization tempera- 
tures.® Parks, in his work on small tool welding, held the 
pieces in contact at a low pressure and with very little 
deformation and measured the temperature at which 
bonding commenced. These temperatures (Fig. 3), were 
closely related to the particular recrystallization tempera- 
ture for the given material, which gave rise to the term 
‘recrystallization welding’ for such temperature and pres- 
sure conditions 


It lowers the yield strength until it is zero at the recrys- 
tallization temperature. A low yield strength particularly 
allows plastic flow of surface asperities and increases the 
area of contact 


Deformation 
With the advent of cold welding the emphasis was 
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Table I 


Relative cold weldability of materials 


Figure of merit 
Final thickness of weld | 


Twice the original thickness of a sheet 








Material Figure of merit 


Super-pure aluminium 40 

Commercially pure aluminium about 30 
| DTD.346 (515) 29 
BA.60A (35) (14°, Mn) 20 
Duralumin 20 
Cadmium 16 
| Lead 16 
Copper 14 
Nickel ll 
Zinc 8 
Silver 6 





Table I 





Material Pressure, kg/sq.mm 


Tin u 
Aluminium (annealed) 16 
Aluminium (hard) 20 
Pantal 32 








600 800 
INTERFACE TEMPERATURE, °F 


3—/nterface temperature and resulting shear strength. The interface temperature 


corresponds to the recrystallization temperature (Parks*) 


1000 


Copper 48 
Armco iroa 75 


18/8 Stainless steel 
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to some extent removed from recrystallization and 
became focussed on the degree of deformation, which 
is correlated with weldability. For small tool welding, 
Sowter’ used a ‘figure of merit’ to classify a number 
of metals, as shown in Table I, but many workers 
would not now agree with this order of weldability. 


Pressure 

Some workers regard pressure as being the most 
important parameter. Hofmann and Ruge* measured 
the pressure during small tool welding and found that 
there was a critical value at which the deformation 
increased rapidly (incidence of easy flow); they came 
to the conclusion that the easy flow was associated 
with the commencement of the formation of weld 
bridges. Thus a measure of the pressure necessary for 
the onset of easy flow was in effect a measure of weld- 
ability and they therefore classified their materials 
accordingly (Fig. 4 and Table II) 





Ww 


Min. pressure 
for welding 


. a 
80 


PRESSURE, kq/sqmm 











40 60 
DEFORMATION. °%/o 


ge pressure (Hofmann & Ruge*) 


fo welain 


Table If places the emphasis on the metal flow 
occurring from pressure. These German workers have 
also referred to time as a variable and found that at 
constant pressure the deformation can be controlled 
by varying the time of pressure application. Other 
workers found little difference between slow or im- 
pactive loading 


Surface condition 


Another factor which has often been put forward 
as being of prime importance is the state of the sur- 
faces to be joined. 

Metallic surfaces are usually rough and when two 
clean surfaces are pressed together contact will occur 
at a few asperities which deform and form junctions 
In practice, metal surfaces are covered with thin oxide 
films which increase in thickness when the metal is 
heated, and some workers consider that the dispersion 
of the oxide is of paramount importance 
these protagonists is Tylecote*:'® who by analogy with 


‘ 


Chief of 


work in the friction field concluded that the weld- 
ability of some metals is related to ease of rupturing 
the oxide layer, as shown by the ratio: 


Hardness of oxide film 
Hardness of metal 


More extensive tests, however, revealed that the ratio 
was likely to be unimportant for most common metals 
and alloys in deciding weldability 

In addition to the oxide layer other surface con- 
taminants may be present. Examples are grease, 
chemical compounds remaining after pickling, and 
adsorbed moisture; and these will inhibit welding, at 
least at room temperature. Mechanical removal (e.z., 
scratch brushing) of the contaminant usually ensures 
the most satisfactory surface, but welding should be 
carried out immediately after the treatment 

Scratch brushing has also been shown to produce 
a work-hardened brittle layer on the surface,'' and 
deformation breaks this layer into separate discon- 
tinuities 


Relative movement of surface 


This is often an important factor and is discussed 
in Dr. Holmes’ paper (p. 29) 


Conclusions 


When one considers this variety of parameters and 
the difficulty of devising a way of measuring the bond 
strength which can be related to the fundamental 
properties of the metal, and that for the welding of 
dissimilar metals the development of alloys, and in 
particular intermetallic compounds, complicates the 
interpretation of results, it is no small wonder that no 
comprehensive theory of pressure welding has yet been 
devised. The view taken by the Birmingham welding 
team is that all the factors and theories have a place, 
but sometimes in a modified form, and that the solu- 
tion can be found only by making an initial simplifi- 
cation to provide a system that can be analyzed. This 
has been the guiding principle in their work 
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INDUSTRIAL PRACTICE IN 
COLD PRESSURE WELDING 


OLD WELDING is a method of joining similar or 
( dissimilar ductiie metals by bringing the sur- 
faces to be joined into an intimate and expand- 
ing area of contact under pressure. Before welding, it 
is generally necessary to remove barrier films which 
would interfere with metal-to-metal contact. This may 
be partially achieved by chemical or mechanical means 
prior to the application of pressure, and partly or 
wholly by disruption of the surface during plastic flow. 
The earliest industrial application of cold welding 
was the ‘pinch-off’ seal. This was a method of closing 
metal pumping tubes on thermionic valves, by squeez- 
ing the tube between cylindrical dies until it was 
severed; the opposite walls of the flattened tube were 
brought into intimate contact, and the surface films 
present were disrupted by the stretching of the metal 
during plastic deformation. Figure | shows a trans- 
verse section, parallel to the axis of the tube, through 
such a seal in aluminium. 
A study of this process, and observations that duc- 
tile metals could be made to weld by the shearing 


seal in aluminium tube 


100 


1—Transverse section through ‘pinch-off 


By J. A. Donelan, A.M.INST.W. 


Cold pressure welding has been used as an industrial 
process for several years. The principles of cold welding, 
preparation of metal surfaces for welding, and the 
influence of die design on weld strength are described. 
Applications of the process to the welding of aluminium 
and copper foil, sheet, wire, rod, and tubes for the elec- 
trical, electronic, and other industries are reviewed. 


action of cutting tools, indicated that the principles of 
cold welding could be extended to a wide field of metal 
joining applications, for both lap and butt welds. 

In cold pressure lap welding, the two superposed 
metal surfaces are plastically deformed between in- 
denting dies, and the thickness of the metal is reduced 
appreciably, to make a weld. In butt welding, the 
plastic flow, and thus an expanding area of contact, is 
produced by the upset created by pressure along the 
axis of the material. 


Cold Pressure Lap Welds 


Indented lap welding was the first of these two 
techniques to be established; it is perhaps the more 
interesting, as it has been applied to a greater variety 
of metals than butt welding, although the latter can be 
considered the superior technique. 


Materials and preparation 

Most success has so far been achieved in lap welding 
with aluminium, aluminium alloys, and copper. How- 
ever, the process is not limited to these materials, and 
metals can be classified in regard to their suitability 
for the process by taking as a figure of merit the 
following: 

Final thickness 

Twice original thickness 





Figure of merit 


100 


Alternatively, the percentage reduction required to 
make a weld may be used as an index of weldability. 
The values given in Table I, which was drawn up a 
considerable time ago, are accurate enough for general 





Manuscript received 21st November, 1958. ; 
The author is at the Research Laboratories of The General 
Electric Co. Ltd., Wembley, Middlesex. 
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Table I 
Cold pressure weldability of materials 





Material Reduction, Figure of merit 
Aluminium, super-purity 60 40 
Aluminium, commercial purity 70 30 
Aluminium alloys 70-80 20-30 
Copper 80 20 
Cadmium R4 16 
Lead 84 16 
Beryllium—copper R5 15 
Nickel 8Y ll 
Zinc 9? 8 
Silver 94 6 





guidance; it should be mentioned however, that they 
do not quite agree with those of Tylecote.* 


*R. F. Tytecore, D. Howp, and J. E. Turmipce: Brit. Welding 
J., 1958, vol. 5, p. 21 


(a) Fine wire brush 


Surface of aluminium sheet prepared by scratch-brushing 


Although the surfaces to be welded may be cleaned 
by chemical as well as by mechanical means, the best 
method is by a rotary scratch brush. Experience has 
shown that rotary brushes made from 0-004 in. dia 
stainless- or alloy-steel wire, and having a surface 
speed of about 3000 ft/min, produce suitable surfaces 
for pressure welding. Softer brushes tend to burnish 
the surface, and coarser ones to remove excessive 
amounts of metal. Typical scratch-brushed surfaces 
are shown in Figs. 2a and b. There is evidence that, in 
the surface treated with a coarse brush (Fig. 26), 
melting may have taken place; this condition is gener- 
ally considered to be undesirable. 

It should be mentioned that cold welding may be 
achieved without cleaning the surface by scratch- 
brushing, if a very high reduction is applied or, in the 
case of aluminium, if the surface is anodized. This 
aspect will be discussed later. 


(b) coarse wire brush 


3 
Indenting dies for cold 
welding aluminium sheet 
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Welding die design and weld strength 

Indentation of the material may take place from one 
or from both sides of the superposed metals, depend- 
ing on the particular requirements of the joint. Typical! 
twin opposed indenting dies, and the resultant weld in 
commercial-purity aluminium sheet, are shown in 
Fig. 3. The dies are of rectangular shape, and the 
dimensions of the indentors are related to the sheet 
thickness. 

Such an indent weld (Fig. 4) shows several in- 
teresting features. There is complete continuity across 
the weld interface, and the flow lines of the plastically 


deformed metal can be seen. Although the surfaces of 


the indenting dies ave flat, there is evidence of a semi- 
circular pressure front, as indicated by the flow lines. 
Where the two pressure fronts meet there is consider- 
able local deformation. Adjacent to the tool face there 


4—Transverse section of indented cold weld 20 


is a zone which appears to have remained stationary. 
Hardness values taken across the weld do not vary 
appreciably. 

Originally the indenting dies used were hemispheri- 
cal, the curved surface being presented to the work. 
These were replaced first by flat-faced cylindrical dies, 
and finally by flat-faced rectangular dies, as it was 
found that the weld-strength/deformation ratio could 
be improved by using the latter. 

Three factors must be considered when designing 
welding dies: the length and breadth of the die, and 
the degree of die penetration. Within certain limits, 
for a given material, the weld strength will increase 
as the length and breadth of the die are increased, 
owing to enlargement of the weld area. 

It is perhaps not obvious that the shape of the 
curve relating weld strength to percentage deformation 
may vary considerably for different indenting die 
widths. Considering first such a curve for one par- 
ticular indenting die (Fig. 5) and its relationship to 
the mode of failure when the welds are tested in shear, 
it will be seen that failure of the weld can occur in 
three forms: (a) at the weld interface, (4) at the weld 
parent-metal junction, or (c) through the reduced 
section of the weld. These modes of failure generally 
correspond to the regions A, B, and C, of the curve in 


Fig. 5. Welding commences at about 40%, reduction, 
and the strength increases linearly until 60°, reduc- 
tion is reached (region A). The curve then levels off, 
and the weld strength decreases slowly until 85%, 
reduction is reached (region B). At this point the 
slope of the curve changes abruptly, and the strength 
of the weld diminishes with increasing deformation 
(region C). 

Increasing the die width shifts this curve to the left, 
indicating that welds can be made at a lower per- 
centage reduction. Unfortunately, however, region B 
of the curve tends to disappear, and the weld strength 
now declines very sharply with reduction of the metal 
thickness. For this reason the use of wide welding dies 
is not recommended, owing to the necessity of holding 
the percentage reduction to a critical value. 

Experiments carried out to determine the effect of 
die length on weld strength show that the optimum 
value is reached when the indentor length is six times 
the single-sheet thickness. 

Using indenting die dimensions of width 2¢ and 
length 6f, where f¢ is the single-sheet thickness, a weld 
efficiency of 55°, can be obtained with 99-5 °%, purity 
aluminium. A similar efficiency can be ebtained for 
aluminium ranging from 99°, to 99-99°%. purity. 
Welds in annealed NS.3 and NS.4 have slightly lower 
weld efficiencies. 


Single-sided indent welds 

Where it is required to join metals of considerable 
difference in thickness, for example in the joining of 
foil to plate, or where the surface of one side of the 
material must remain relatively undisturbed, a single 
indentor and a flat anvil may be used to make a 
pressure weld. Figure 6 shows a single-sided indent 
weld between 22 s.w.g. and } in. thick aluminium 
plate made in this way. To achieve a weld, the depth 
of the die penetration must be twice that used with 
twin dies. The increased deformation occurs in the 
metal adjacent to the indentor, which is usually the 
thinner sheet in welds between dissimilar thicknesses. 
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5—Relationship of weld strength and percentage reduction for 
indented lap welds in aluminium sheet 
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6—Single-sided indent weld between 22 
aluminium plate 


s.w.g. and } in 


Indented lap welds in aluminium and copper foil and sheets, 
ranging from O-O0028 in. to 0-032 in. thick 
The resulting welds are generally of lower strength 
than those obtained with twin opposing dies. 


Multiple indent welding 

Indent welds have been made in commercial-purity 
aluminium ranging from foil 0-00025 in. thick to 
plate { in. thick. The form of the weld indentor will 
vary with the material thickness; for thin foils, from 
0-00025 in. to 0-002 in. thick, a multiple indenting die 
is used, giving a very large number of closely spaced 
indents Fig. 7). As the material thickness in- 
creases, the size of the indentor and the pitch between 
the welds also increase progressively. The specimens 
illustrated in Fig. 7 range from foil 0-00028 in. thick 
to sheet 0-032 in. thick 

It is important when using the multiple weld tech- 
nique that the distance between welds is such that 
there is no restraint on metal flow between adjoining 
welds, as this would seriously interfere with the 
mechanism of bonding. Another important feature is 
the distance of the weld from the sheet edge. If the 
indent is made too close to the edge of the material, 
excessive lateral flow of the metal may occur; this 
may also interfere with the making of the weld, and 


(See 
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result in excessive local deformation. The pitch and 
edge distance of the indents can be related to the 
thickness of the metal, and for aluminium it should 
be about 57-61, where f¢ is the single sheet thickness. 


Welding dissimilar metals and anodized sheets 


When dissimilar metals, such as aluminium and 
copper, are to be welded, due regard must be paid to 
the relative hardness of the two materials. If opposing 
dies are used, the die against the aluminium should 
have a larger surface area than that against the 
copper. This is necessary to promote uniform flow of 
the two metals, the ratio of the die areas being approxi- 
mately equal to the ratio of hardness. When single 
indentors are used, it is common practice to indent 
through the harder material and use a flat anvil 
against the softer metal. 

Although at one time it was considered that oxide 
films on the surface of aluminium were the principal 
barrier to cold welding, it has since been found pos- 
sible to make welds between anodized aluminium 
sheet or foil without further surface preparations. 
Preliminary tests have indicated that an anodic film 
2-6 » thick is satisfactory. Advantage has already been 
taken of this technique in the electrical industry, where 
anodized aluminium strip is used for electrical wind- 
ings, the anodic film being a good insulator. Welds 
between anodized strip and copper can be made very 
easily with a simple hand tool. 

Tests to compare the strengths of welds in anodized 
material and scratch-brushed material show that there 
is only a 10°, reduction in strength in using anodized 
material. 


Extrusion welds and seam welds 

It is sometimes necessary to weld lids to circular or 
elliptical cans without the flanged edge preparation 
normally used with the indent weld technique. One 
example is a cold-welded condenser can, where the 
diameter of the welded lid was not the 
diameter of the can. 

To achieve this, the extrusion weld was developed: 
an example is shown in Fig. 8, where a copper lid ts 
welded to an aluminium can. Both the lid and can are 


to exceed 


8—Extrusion welds between extruded aluminium cans and copper 


lids 
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9—Extrusion welding, showing action of tools and (enlarged) the 
form of the resultant weld 


coned before welding. The two parts are fitted to- 
gether, and inserted into a ring die having a bore 


diameter slightly larger than the outside diameter of 


the can. The lid and can are then pushed through the 
die by the punch, which has a stepped shoulder 
(Fig. 9). The metal of the coned ends is extruded up- 
wards by the action of the punch, and the excess ts 


sheared off by interference between the cutting edge 


of the punch and the ring die face. The resultant 
pressure weld is also shown, diagrammatically, in 
Fig. 9. 


11 

I xperime ntal cable sheath 
forming and welding 
machine 
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10—Transverse section of cold-welded aluminium cable sheath 


This technique has been applied to the welding of 
aluminium and copper in similar and dissimilar metal 
combinations. 
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12—Sandwich’ welding technique 


Indent seam welds may be made continuously by 
passing the work through circular indenting wheels. 
It is common practice when using this technique to 
combine with the welding operation any forming 
operation that may be required. A typical example of 
this method, which has been applied to the sheathing 
of cables with aluminium and in the manufacture of 
tubing, is illustrated in Fig. 10, showing a transverse 
section of the formed and welded sheath. Here, the 


flanged edges of the formed sheath are passed through 
double indenting rolls which weld and trim off excess 


metal simultaneously. An experimental aluminium 
sheathing machine is shown in Fig. 11; this is em- 
ployed in sheathing polythene and P.V.C. insulated 
cables. The absence of heat in the welding process is 
of great importance, as the sheath may be a close, or 
interference, fit over the plastic-insulated core. 

This technique has also been used for rubber- 
insulated cables for domestic wiring and for paper- 
insulated power cables. 


[1 [1 


| 











13— Dies for cold welding stranded aluminium wire to aluminium 
cable lug 
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14—-Cold-welded aluminium cable lugs 


Other techniques and applications 

It is often required to make welds through several 
thicknesses of sheet simultaneously, at the same time 
controlling the number of surfaces that weld together 
This may be achieved by coating the surfaces that are 
not required to weld with a non-brittle lacquer or 
other barrier film. Sometimes the inherent surface 
film on the material is sufficient to prevent welding 
from taking place. A typical example of such ‘sand- 
wich’ and selective area welding is shown in Fig. 12. 
Here a number of sheets are indented simultaneously, 
the inner surfaces having a barrier or weld-inhibiting 
film. After indenting, the surfaces may be separated 
as shown in the lower part of the illustration 

Cold welding may also be used to join stranded 
conductors to connecting lugs or tags. The technique 
employed is to rest the cleaned strands in a semi- 
circular die, and indent from one side through the 
connecting tag (see Fig. 13). Figure 14 shows how the 
conductor strands have bonded together and to the 
aluminium tag. Tests carried out to determine the 
electrical conductivity of the welds showed that the 
resistance was 66°. of that of the stranded conductor 
The principal difficulty of applying this technique is 


15—Aluminium kettle fabricated by cold welding two half press- 
ings 
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16—Aluminium stud welding 


that the wire strands must be separated and cleaned 
before welding. 

The ability of cold pressure welds to stand up to 
arduous conditions is emphasized by the application 
of the process to domestic utensils. Cold-welded alu- 
minium kettles, made up of two half pressings welded 
on the body centre-line (Fig. 15), have been in service 
for over eight years. 

Another example of the application of cold welding 
is illustrated in Fig. 16, where aluminium-alloy studs 
are welded to commercially pure aluminium sheet 
using indenting dies 

Steel studs or nuts may also be secured to alu- 
minium sheet by the ‘trap weld’ technique (see Fig. 17) 
In the example illustrated, a steel stud with a conical 
head is encased in aluminium by the plastic flow of 

[=- 
=——+* 
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Stud 





Sheet 





‘Trap weld’ technique for attaching steel studs to aluminium 
sheet 


the material brought about by indenting dies. The 
aluminium for encasing the stud is provided by a disc 
or pellet placed on the side of the sheet opposite to 
the threaded portion of the stud, and welded to the 
sheet. 

The joining of precious meta! contacts to relay and 
switch components often presents welding problems. 
These contacts, which are generally joined by riveting, 
brazing, or resistance welding, may in some instances 
be cold welded. Figure 18 shows a silver contact cold- 
welded to a copper strip by means of a single-sided 
indentor applied through the copper. Advantage has 
been taken of the plastic flow involved in welding, to 
form the silver contact into a hemispherical shape at 
the same time. 

The most important use of indent and extrusion 
welding techniques at the present time is in the canning 
or incapsulation of crystal devices, the germanium or 
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18—Silver contact welded to copper strip 


silicon diodes and transistors. This method of sealing 
metal envelopes and cans is ideal, as the crystal devices 
are thermally sensitive. Cold welding is finding uni- 
versal application for this purpose, and has been a 
valuable contribution to the development of these 
important electronic devices. In the medical field, cold 
welding has been used in the manufacture of ioniza- 
tion monitor chambers for use with deep-therapy 
X-ray equipment. 

Some highly successful applications of cold welding 
have been made in nuclear engineering. One of these 
is the welding of an 80/20 brass bellows to a cast 
aluminium ring for high-vacuum applications. 


Cold Pressure Butt Welding 


Butt welding is the superior of the techniques used 
in cold welding; it fulfils most of the requirements of 
a perfect weld; namely, continuity, homogeneity, and 
properties closely allied to those of the parent metal. 

Butt welds may be made between rod, tube, wire, 
sheet, and strip components. The technique consists of 
holding the parts to be welded in split clamping dies 
so that there is a length projecting from the die face 
square to the material diameter or thickness. Pressure 
is then applied, and lateral flow is allowed to take 
place until the material projecting from the die face 
is reduced to about one-quarter of its original length. 
In the case of wire or rod, the plastic deformation of 
the metal results in a circumferential upset, as illus- 
trated in Fig. 19, which shows a weld as made and one 
after the excess upset metal has been removed. 

Preparation of the surfaces for welding consists of 
squaring the ends of the material by shearing or filing. 
With some of the high-strength aluminium alloys it 
has been found preferable to scratch-brush the ends 
of the material after shearing; this is probably needed 
to remove contaminants from the weld area, which 
are transferred from the surface of the material during 
the shearing process. 


19—-Butt-welded aluminium rod; as-welded, and after removal of 
excess metal 
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Transverse section of butt-welded aluminium rod, sectioned 
after reverse bend test 50 


A photomicrograph of a butt weld in commercially 
pure aluminium rod is shown in Fig. 20. This weld 
has been sectioned after being subjected to a reverse 
bend test, and it will be seen that the metal is failing 
outside the weld area. 


Materials and techniques 

Butt welds may be made in commercially pure 
aluminium, NS.3 and 43 S aluminivm alloys in all 
tempers, whereas NS.5 is limited to the half-hard 
condition and NS.6 to the fully annealed condition. 

Copper may be welded in both annealed and hard- 
drawn condition, but the cadmium-—copper alloys are 
only weldable when fully annealed. 

Close tolerances must be maintained for the grip- 
ping jaws of butt welding machines. An interference 
of 0-002-0-004 in. between the rod or wire and the 
gripping jaws is required to prevent the work piece 
slipping when subjected to welding pressure. 

Wires ranging from 0-030 in. to 0-160 in. dia. can 
be welded by hand-operated tools; for larger diameters, 
power-operated tools are used. Rods up to in. dia. 
have been welded using hydraulically operated tools. 

In France, the licensees of the author’s company 
have a preference for stored-energy butt welders 
giving impact loading (see Fig. 21); energy is stored in 
compression springs which act upon the welding dies 
to give the upsetting force. Experience of the author’s 
company, however, is that impact loading itself is not 
as important as maintaining continuous pressure 
during welding, and that any relaxation will interfere 
with the making of the weld 

Cold welding may be used to butt weld aluminium 
Strip ranging from 0-008 in. thick by in. wide to 
0-048 in. thick by 5} in. wide. Butt welds may also 
be made between rod and sheet, and may be used 
in the joining of thick-walled tube. In the latter case, 
an internal mandrel must be used to control the metal 
upset 


Properties of butt-welded wires 

The mechanical and electrical properties of butt 
welds are excellent in both similar and dissimilar 
metal welds 

Tests carried out to compare the mechanical 
properties of cold welds and resistance butt welds in 
4-hard commercially pure aluminium, show that cold 
welds have weld efficiencies of 98-100 whereas 


resistance butt welds have only a 50°, efficiency 
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21—-Stored-energy wire butt welder 
Voltage-drop tests on pressure-welded wires have 
failed to detect any increase in resistance at the weld. 

The use of cold pressure butt welding by the electric 
cable industry is growing, as it is possible to make 
welds in hard-drawn and heat-treated materials with- 
out a reduction in mechanical properties at the weld. 
Welds made in the magnesium silicate heat-treatable 
aluminium alloys, for high-tensile overhead cable 
lines, also show great promise. 
Welding copper to aluminium 

Copper and aluminium may be cold-welded to form 
tubular members either by the welding of thick-walled 
tubes or by drilling out butt-welded rods. These 
welded tubes are being used in conjunction with roll- 
bonded aluminium refrigerator evaporators, where it 
is necessary to connect the aluminium evaporator to 
a copper pipeline system. The aluminium end of the 
tube is argon-arc welded to the evaporator and the 
copper end is silver soldered into the copper piping 
system. These copper-to-aluminium cold pressure butt 
welds compare very favourably with flash-butt welded 
bi-metal tubes. 


Future Trends in Cold Welding 


It is believed that the application of cold welding 
will increase considerably, and the process will be 
enhanced if the critical values of deformation can be 
reduced and the process made less sensitive to surface 
preparation. 

The ability to weld through anodic films on alu- 
minium will no doubt be of assistance in this direction. 
There are indications that both magnesium and titan- 
ium alloys may ultimately be welded, and information 
from the United States reveals that the butt welding 
of large cross-sections of aluminium alloys is now 
being accomplished. 

The development of ultrasonic welding may have 
some effect on the progress of cold pressure welding, 
but it is the belief of those people closely connected 
with the process, both in Britain and the U.S.A., that 
cold welding will be the recognized method of joining 
aluminium and copper in the future 

There are many gaps to fill in the knowledge of the 
fundamentals of cold welding, and it is hoped that the 
excellent research work being carried out at the 
University of Birmingham and other universities will 
help to remedy this situation. 





PRESSURE WELDING BY ROLLING 


The mechanism of pressure welding as it is operative in roll bonding has been 
investigated. A test has been devised and bond strengths measured for aluminium, 
copper, lead, tin, and zinc welded at room temperature. In all cases a 60-70%, 
reduction in thickness was required to approachmaximum bond strength, although 
the threshold deformation required for the initiation of bonding varied. A theor) 
is proposed for the maximum strength that can be attained on the assumption 
that bonding is prevented by the presence of the oxide film, and that at an 
early stage in the progress of the composite through the roll gap the two oxide 
films come together and thereafter behave as one. The virgin metal area of 
potential bonding is then given by the increase in area of the interface, and 
taking account of the triaxiality of stressing this results in a maximum ultimate 
shear strength given by: U.S.S. R (2—R) U.S.S. where R is the 
reduction in thickness of the composite. 

However, there are many conditions under which this maximum strength is 
not achieved, since the virgin metal areas do not always join. Hence the initiation 
and development of bonding has been studied and was found to be promoted by 
increasing the pressure, increasing the temperature, increasing the roll diameter 
and decreasing the roll speed. Prolonged exposure of the surfaces before rolling 
led to the formation of adsorbed layers of water vapour which inhibited welding. 
This information has been related to the possible mechanisms which could 
control bond formation; it is concluded that a correct model must involve con- 
siderations of atomic movements during deformation, local readjustment at the 
interface by diffusion processes, and the solution of entrapped gases. 


By L. R. Vaidyanath. 
VU. G. Nicholas. 


and D. R. Milner 


Introduction 


MONG the welding processes, pressure welding is 
regarded as a relatively specialized technique, 
applicable only to specific types of joining prob- 

lems. For this reason it has not been extensively in- 
vestigated, although the important factors and the 
conditions of application of the process have been 
fairly well defined empirically. The mechanism of bond- 
ing is not clear despite a number of researches into the 
subject, and various workers have postulated that it is 
dependent on a variety of different factors. The present 
investigation, while it may contribute to the relatively 
limited data available on the practice of roll welding, 


has been primarily concerned with the mechanism of 


bonding, and the experimental approach has been 
chosen with this end in view. 


The present state of the practice and theory of 


pressure welding has been reviewed in the first paper in 
this series by Professor I 
temperature, pressure, degree of deformation, oxide 
break-up, flow of surface asperities, and elastic 
recovery have all been shown to exert a marked 
influence on bonding, and some workers have pro- 
posed that one factor in particular controls the process. 


C. Rollason; the factors of 


Since the advocates of the importance of a specific 
parameter can produce considerable supporting 
evidence for their ideas, it is probable that the con- 
trolling factor will be shown to vary with the con- 
ditions of welding. 

A preliminary analysis of published information led 
to three conclusions. Firstly, whilst the importance of 
many factors has been demonstrated, for instance, 
surface preparation before welding, the inherent basic 
parameter (which might, in this example, be oxide 
film thickness, surface roughness, or the presence of 
adsorbed gas layers), is not always obvious, and can- 
not be evaluated because information gained from the 
various welding systems can not be correlated. There- 
fore, before carrying out an analysis to decide on the 
model that has to be developed for an understanding 
of the mechanism of pressure welding, it is necessary 
to amass a body of relatable data on one simple weld- 
ing system. Secondly, whilst the purpose of pressure 
welding investigations is to determine the processes 
that control bonding, no really satisfactory test method 
has been set up for the measurement of bond strength, 


Manuscript received 5th August, 1958 
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and some of the techniques used, particularly for 
small-tool welding, give results which are in fact mis- 
leading. Thirdly, a major difficulty in the study of the 
mechanism of pressure welding is that it is linked with 
the complex problem of metal flow and deformation 
patterns in metal working. Thus, whereas the forma- 
tion of a bond between two metal surfaces is likely to 
be dependent on such factors as the presence of oxide 
or other films, and the closeness of approach of the 
two surfaces, the degree of oxide break-up and the 
deformation system will depend on the shape of the 
deforming tool. It is therefore important to separate, as 
far as is possible, the study of bond formation across 
an interface from the problem of the plastic flow of 
metals under various tool shapes, as this is a major 
field of study in its own right 

Pressure welding by rolling was therefore chosen as 
the most suitable system for investigation, because the 
deformation pattern is simple and is reasonably well 
understood. In addition, for this method a test could 
be envisaged, the results of which would be more 
amenable to analysis than in other cases. Using the 


roll bonding technique and this test the mechanism of 


pressure welding is being investigated, and this paper 
describes the first phase of this work, which has been 
concerned with the welding of similar metals at room 


temperature. Complementary to the determination of 


bond strengths, a microscopic survey has been made of 
the characteristics of weld interfaces. The results 


obtained have led to a model which explains the role of 
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1—Test to determine bond strengths 


the oxide film and allows the calculation of the maxi- 
mum bond strength that can be obtained for any given 
deformation. However, under many circumstances 
there is no bonding, or the maximum strength attain- 
able is not achieved; no positive contribution can be 
offered to the solution of this problem, but the evi- 
dence is assessed to show the factors which a correct 
theory would have to take into account. 


Measurement of Bond Strength 


A satisfactory test should measure the strength of 
pressure welds by a method that allows comparison 
with the inherent strength of the metal. This can be 
done for roll welded material by using the test shown 
in Fig. |. A test strip, about 4 in. wide and at least 
0-2 in. thick, is cut from the rolled composite, and saw 
cuts are made so as to isolate an area which is then 
tested in shear by pulling the test strip in tension. 
Originally it was thought that, to get a true shear 
strength result, it would be necessary to work with 
triple composites so that the stress conditions would be 
symmeirical and thus eliminate any twisting of the 
specimen and the consequent introduction of a tensile 
component. To isolate the test area with the triple 
composites, a central cut was made by drilling a small 
hole and then cutting outwards with a jeweller’s saw; 
the alternative of isolating the area under test by three 
drilled holes was found to be equally satisfactory, 
although the accurate delineation of the area was more 
difficult in this case. However, working with triple 
composites is tedious, and it was found that the same 
results could be achieved with duplex specimens, 
provided that the length, W, of the area under test 
was not more than 0-8 of the total thickness, 7, of the 
composite, so that no twisting or tensile component 
was introduced. For the testing of relatively weak 
joints, the length of the area under test can be consid- 
erably increased without the introduction of a tensile 
component, and in fact, to obtain accurate values of 
low bond strength, this is advisable. To evaluate very 
low bond strengths, it is essential to increase the length 
under test, as a small area often provides insufficient 
strength for the joint to withstand the most careful 
handling. A final composite thickness of 0-2 in. was 
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2—Comparison of the strength of aluminium determined 6) 
symmetrical and asymmetrical methods of isolating the area 
under test, and U.T.S. as determined by normal tensile tests 
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found to be advisable, otherwise the location and 
extent of the saw cuts presented difficulties. 

The major advantage of this test is that it permits a 
comparison with the strength of solid metal which has 
undergone the same working treatment; throughout 
this work the general practice has been adopted of 
rolling a two-ply composite, and a solid piece of metal 
of the same overall thickness and in the same state of 
hardness, and then comparing the strengths obtained. 
Figure 2 shows the strength of solid aluminium as 
measured by this test for both duplex and triple speci- 
mens, and gives also the ultimate tensile strength of the 
material as determined from conventional tensile tests. 
The meaning that can be ascribed to the results of a test 
of this nature cannot be precise because of the nature of 
plastic flow, but the generalization of Sachs and van 
Horn,' that ‘The shearing strength of most wrought 
metals and alloys ranges from 55% of their tensile 
strength for severely cold worked metals to 75°%% for 
the annealed soft condition’, fits very well the results 
obtained by the present test. 


Results of Bond Strength Determinations 


Using the test described, bond strengths were mea- 
sured and compared with solid metal strengths for fully 
annealed aluminium, copper, tin, lead, and zinc rolled 
at room temperature. Composites measuring 4 x 4 in. 
were degreased in trichlorethylene vapour, scratch- 
brushed, pinned in the corners with rivets to prevent 
separation in the roll gap, and were rolled, within 
2 min of the scratch-brushing treatment, in an 18 in. 
dia. two-high mill at 200 ft/min. To obtain the necessary 
‘bite’ with high deformations, the rolls were degreased 
and treated with magnesia powder. The bond strength 
was then determined at the centre of the composite; 
the results obtained are shown in Fig. 3. 

Attempts to weld magnesium at room temperature 
showed that no bond strength could be obtained with 
up to 50° deformation, and the metal disintegrated 
at higher deformations. 

When cutting out the specimens for testing, it was 
found that there was a difference between the degree of 
deformation at which the two members of the com- 
posite appeared to adhere, and the deformation at 
which a specimen could be isolated without the joint 
breaking. Since this difference was not eliminated by 
the most careful handling and cutting-out techniques, 
it was concluded that it was due to the readjustment of 
the residual stress system, leading to a stress in the 
joint area, as each cut was made in the composite 
during the process of isolating the test area. Thus, for 
example, with aluminium the composite would have 
apparently adhered at a deformation of 35°, whereas 
no positive bond strength could be obtained for 
deformations less than 40°. 

These bond strength determinations showed that in 
all cases the solid metal strength was reached at about 
60-70% deformation, whereas the threshold deforma- 
tion for bonding varied from one metal to another. 
This means that for roll bonding, at least, it is not 
entirely adequate to state that one metal welds more 
readily than another, since they all require 60-70% 
deformation for maximum strength; rather, welding 
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3—Bond strength as a function of deformation for copper, alu- 
minium, zinc, lead, and tin, and strength/deformation curves, 
determined by the same test, for solid metal 
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can be initiated more readily with some metals than 
with others 

Since a theory of the mechanism of pressure welding 
must explain the different deformations required for 
the initiation of bonding, any trend that can be ob- 
served may provide to the correct model 
Iwo possible causes are immediately obvious for the 


variation of the | could 


a pointer 


threshold deformation: it 
increase either with the increasing melting point of the 
metal, or with the hardness. The latter possibility con- 
flicts with the results of Pugh.*and later Tylecote ef a/.,° 
who showed that increasing the hardness of a metal by 
pre-straining made small-tool welding easier. For this 
reason, the effect of pre-straining on the bond strengths 
in aluminium and copper was investigated: it was 
found (Fig. 4) that with aluminium increasing the 
initial hardness had no effect, whereas with copper it 
made welding more difficult. Since a repeat of the 
small-tool welding work confirmed the results of the 
other workers, it was concluded that their results were 
not fundamental to a mechanism of pressure welding 
but specific to small-tool welding, and were probably 
due to an alteration in the deformation pattern and/or 
the joint area. Unfortunately, it was not possible to 
extend the roll bonding investigation, with 4x 4 in. 
specimens, to include harder metals such as iron and 
nickel, because of the limiting load-carrying capacity 
of the rolling mill (200 tons); with smaller specimens 
(1 in. wide and 0-2 in. thick), it was found that the 
threshold deformation for Armco iron was 62°, but 
as will be shown later, welding is not independent of 
specimen size, so that this result is not strictly com- 
parable with the rest of the series. 

Bond strengths at very high deformations were 
difficult to obtain, because the mill would not bite on 


1959 


the specimen and rejected it. To some extent this could 
be overcome by chamfering the leading edge, but 
because of this problem, and the fact that when dealing 
with harder metals less strain would be imposed on the 
mill if the deformation could be given in several passes 
instead of in one pass, the use of a multi-pass rolling 
technique was investigated, using aluminium and 
copper. It was found that no bonding could be obtain- 
ed unless the first pass was sufficient to initiate welding, 
but thereafter substantially the same bond strength was 
achieved by multi-pass as by single-pass rolling. 


Microscopic Examination of Weld Interfaces 


Sections taken from the centre of typical composites 
(corresponding to the region in which the bond 
strength determinations were made) were subjected to 
a microscopic examination and it was found that the 
weld interfaces could be divided broadly into two 
types. The first type, which occurred with tin and lead, 
(see Fig. 5), showed a continuous boundary; the second 
type, characteristic of aluminium, copper, and the 
narrow Armco iron specimen (see Fig. 6), showed a 
discontinuous interface, having regions of apparently 
bonded metal interspersed with what have, for reasons 
which will become clear later, been called primary dis- 
continuities. Zinc appeared to be an intermediate case, 
in that it showed both types of boundary in different 
regions of the joint interface. In no case was grain 
growth across the interface observed, although tin and 
lead had of course completely recrystallized 
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6— Discontinuous type weld interfaces: (a) aluminium boundary, 
55°. deformation, 250, etch 5°, NaOH; (b) copper 
boundary, 64°, deformation, « 450, etch NH,OH 1%, H,0,; 
(c) Armco iron boundary, from specimen initially 1 in, wide 
hy 0-2 in. thick, 64°. deformation, » 270, etch 2%, Nital 


In regard to the metallographic technique in this 


work. 
used, 


conventional emery rough preparation was 
followed by diamond dust polishing, possibly 
finishing with a light ‘Silvo’ polish. Electropolishing 
tended to attack the inclusions very heavily, thus giving 
the misleading impression that the interfaces consisted 
of a voids. To a lesser extent, prolonged 
etching or deep-etching reagents lead to similar mis- 
leading results. 

To learn more about the structure of these bound- 
aries, the investigation was extended to higher magni- 
fications, in one (copper) using an electron 
microscope. At these high magnifications the dis- 
continuities in copper and aluminium had the appear- 
ance of a heavily worked structure (Fig. 7), whereas 
tin and lead consisted of a very fine-grain recrystallized 
structure interspersed with apparent line discontin- 
uities, (see Fig. 8). Since the discontinuous characterist- 
ics of the aluminium and copper boundaries lent them- 
selves to a more detailed investigation, a survey was 
made of the number, size, and distribution of the 


series of 


case 
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Tin boundary, 


Primary discontinuity in copper showing the heavily worked 
structure; (a) oil immersion micrograph » 2000, etch NH ,OH 

H,O,,; (b) electron micrograph, ~ 3500; note the unwelded 
section of the interface 


showing fine-grained recrystallized structure, 


2000, etch 5°. HCl in alcohol 
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(a) Development of apparently bonded area, and (b) total 
length of the primary discontinuities related to original length 
of specimen, both as a function of deformation 


10 — Micro-hardness indentations, showing relative hardness of the 


primary inclusion and the adjacent metal, «940, etch 2°, 
HF 27°. HNO, 


primaries for different degrees of deformation. This 
showed that the length of apparently bonded interface 
increased linearly with deformation, bui that the total 
length of discontinuity remained equal to the original 
length of the specimen, except for very high deforma- 
tions (see Fig. 9). The point corresponding to a 
deformation of 23°, given in these curves requires an 
explanation, since bonding in aluminium, and hence 
weld interfaces, cannot be obtained for deformations 
below 40°. In view of the difficulty in deciding the 
trend of results obtained over a limited range of 
deformation, one experiment was made in which a 
} in. wide groove was machined along the length of a 
4 in. wide specimen, which was then rolled so that, 
while the overall deformation was 65°, the metal in 
the groove only underwent a reduction of 23°,. Under 
the microscope, a continuous crack was observed 
across the region of low deformation, but the speci- 
men was held together by the bonded regions on either 
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side and the primary discontinuities could be clearly 
distinguished. 

Micro-hardness measurements showed the primary 
discontinuities to be very hard, of the order of two to 
three times the hardness of the adjacent heavily worked 
metal; typical comparative hardness indentations for 
aluminium are shown in Fig. 10. Measurements made 
on the bonded sections of the interface showed these 
to have the same hardness (and hence strength) as the 
bulk of the composite. 

The identity of the primary discontinuities was 
established by examining sections taken through 
scratch-brushed surfaces of aluminium and copper, 
which showed that scratch-brushing produced a heavi- 
ly worked layer (see Fig. 11) which was clearly the 
origin of the primary discontinuities shown in the 
photomicrographs taken at the same magnification in 
Fig. 6. The micro-hardness measurements of the work- 
ed layer were made, and the hardness was found to 
correspond with that of the discontinuities. This 
extreme hardness of the scratch-brushed layer can 
presumably be ascribed to the inclusion of particles of 


Sections taken through the layer of heavily worked metal 
produced by scratch-brushing: (a) Copper, with surface pro- 
tected by electro-deposited copper, 450, etch NH,OH 
H,O,; (b) aluminium, ~ 250, etch 2°, HF 27°, HNO, 


oxide, together with torn-off fragments of scratch- 
brush wire. There is admittedly some doubt about the 
accuracy of the measurements made, as the thickness 
of the layer limited the maximum size of the hardness 
impressions to within the range 0-6 to 1-6 yu, whereas 
the handbook’ recommends a minimum diagonal 
length of 10 «. To obtain impressions of less than 2 yu 
diagonal length, very low loads, of | or 2 g., had to be 
used, and this resulted in hardness values that could 
not be directly compared with the known macro- 
hardness of the materials. This difficulty was over- 
come by deriving a calibration curve, for the same load 
as used in this work, from a series of metals the 
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Table I 
Micro-hardness determinations 





Vetal Scratch- 
Brushed 
Laver,* 


D.P.N 


Scratch- 
Brushed 
Laver, 

D.P.N 


idjacent 
Metal, 


Primar) 
Discon- 
tinuities, 
D.P.N 
100-120 
240-280 
850 


90-110 
200-230 


130 
180 
600 
210 


Aluminium 
Copper 
Iron 
Brass 





* Due to Ainbinder and Klokova 


hardnesses of which were determined conventionally at 
normal loads. It was impossible to carry out micre- 
hardness determinations for the tin and lead inter- 
faces, since even | and 2 g. loads resulted in diagonal 
lengths greatly in excess of 2 ». The results of the 
micro-hardness measurements thus obtained are 
shown in Table I and these compare well with the only 
other results of similar measurements known, due to 
Ainbinder and Klokova;° the technique used by these 
workers was however not specified. 

The conclusion reached from the examination of the 
primary discontinuities is that, with aluminium and 
copper, scratch-brushing produces a very hard and 
brittle layer, and that when two members of a com- 
posite are rolled together the two scratch-brushed 
layers come into contact and thereafter behave as one, 
so that the total length of layer always equals the 


Local recrystallization around a primary discontinuity, 
resulting from the heat and deformation produced by a 75° 
reduction in thickness, ~ 940, heavy etch in NH,OH H,O 


original length of the composite. Since the oxide film 
formed after scratch-brushing will be formed on this 
layer, the position of the primary discontinuities must 
show the position of the oxide film. In the case of tin 
and lead, a scratch-brushed layer will recrystallize and 
deform in a ductile manner on rolling, and thus give 
the continuous interface observed with these metals. 
However, if the oxide film is brittle, it will fragment in 
a similar manner to the work-hardened layer, the total 
length of the fragments always equalling the original 
length of the composite. The decrease in the total 
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length of the primary discontinuities at high deforma- 
tion was due to partial recrystallization in the im- 
mediate vicinity of the interface, reducing the volume 
of work-hardened material, as shown by the micro- 
graph (Fig. 12) of copper which had undergone a 75%, 
reduction. 


Theoretical Determination of the Maximum Bond 
Strength attainable 


On the assumption that composites which possess 
an initial oxide film always deform in such a way that 
the two oxide layers break up as one, and in a com- 
pletely brittle manner, the area of virgin metal inter- 
face which is potentially available for bonding can be 
calculated. And if account can be taken of the stress 
conditions which are operative when testing the joint, 
it should be possible to make a theoretical determina- 
tion of the bond strength. Thus: 

Metallic area created 
per unit area 


Maximum bond strength 
per unit area 


Strength of 
bonds 


The amourt of metallic area created per unit area can 
be determined by considering unit width of composite 
having an original thickness a and length 6, which is 
extended by rolling to length y and thickness x. Then, 
assuming plane strain, which is certainly true for the 
centre of the composite, ab=xy, and 

Metallic area created y —6 ame ee 

per unit area } } 
where R is the reduction which the metal has under- 
gone. 
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13—Type of test piece used by Orowan, Nye and Cairns,* and the 
relationship obtained by them between the constraint factor 
and the ratio (area of core/ area of bar) 
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14— Relation between constraint factor and degree of restraint 


for lead, work-hardened copper, and work-hardened alu- 
murnium 





The strength of the bonds is a more difficult factor 
to assess, and can best be correlated with data avail- 
able for stressing in tension and then applied to the 
problem in hand by making an assumption. If the joint 
is tested in tension the metallic bridges across the 
interface will not yield at the same stress as they would 
under pure tension, because of the constraining effect 
of the bulk metal on either side. The mechanical 
behaviour of a metal stressed under non-uniaxial con- 
ditions has occupied the attention of many workers, 
and involves the introduction of the concept of a con- 
straint factor C, which in this case would be given by 
C=(U.T.S.,)/(U.T.S.,), where the subscript c desig- 
nates the U.T.S. measured under constraint and ¢ the 
U.T.S. measured under pure tension. Orowan, Nye, 
and Cairns® determined the variation of C with the 
degree of restraint for steel and annealed copper bars, 
in which an area was placed under restraint by cutting 
an annular notch around the bar. 
restraint was determined by the ratio of the area of the 
core to the adjacent area of the bar. These workers 
found that the constraint factor increased linearly 
(see Fig. 13) to a value of 2 for maximum restraint for 
steel, and to a value of 1-6 for copper. In the present 
work, a similar determination of the variation of the 
constraint factor with the degree of restraint was 
carried out for lead and for work-hardened copper and 
aluminium, and it was found that a linear result was 
obtained (see Fig. 14), with the constraint factor 


increasing to 2, so that 


U.T.S d 
rs 


a 
I {2 D?) 
where 

d~ Diameter of core 


D= Diameter of bar 


The results of Orowan et al., together with those of the 
present work, suggest that this equation may apply 
generally to metals which have a relatively sharp yield 
point, in this case work-hardened copper and alumin- 
ium, and lead and steel, but not to work-hardenable 
metals such as annealed copper. 


The degree of 
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15—Experimental bond strengths, plotted as a proportion of the 


strength of the solid metal, compared with the theoretical 
maximum attainable strength ( full line ) 
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Reverting now to the consideration of a weld inter- 
face in which bonded and unbonded areas are inter- 
spersed, this can be regarded as a series of notched 
test pieces where the mean degree of restraint is given 
by the area joined per unit area, and this has already 
been shown to be equal to the reduction R. Thus 

UTS am 
or 
U.T.S.,=(2—R8) U.TS., 


so that the maximum strength of the weld (area 
bonded = bond strength) is given by 


U.T.S. R(2—R)U.TSS 


To obtain a comparison with the results of the bond 
strength measurements, it is necessary to assume that 
the relationship between the ultimate shear strength 
and the ultimate tensile strength is the same for both 
restrained and unrestrained metal. If this is so, then 
U.S.S 


USS R(2—R) 


This theoretical curve is compared with the experi- 
mentally determined bond strengths, plotted as a pro- 
portion of the solid metal strength, in Fig. 15. It can 
be seen that the experimental values increase rapidly 
from the threshold deformation, and then follow the 
theoretical curve reasonably well. 

The theoretical curve derived from this model there- 
fore represents the maximum potential strength for 
oxidized metal, roll bonded, assuming that no bonding 
can occur between oxide films and that the oxide 
remains at the interface. Thus, for example, the curve 
would not be expected to apply to those cases of high- 
temperature welding where the oxide film can diffuse 
into the adjacent metal. It is particularly interesting to 
note that whilst the theory was derived on the basis of 
measurements made on the primary discontinuities in 
aluminium and copper, it agrees well with the bond 
strength determinations for lead and tin; in these the 
oxide fragmentation could not be observed, but it must 
therefore occur in much the same way as with the 
aluminium and copper 

The problem now remains of why this maximum 
strength is not attained until some deformation greater 
than the threshold value has been applied, and this 
involves a consideration of the reason for the existence 
of the threshold deformation itself and of the subse- 
quent development of bonding. Unfortunately, no 
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positive contribution can be offered to the solution of 
this problem, although a number of significant factors 
have been investigated 


Initiation and Development of Bonding 
The approach to this aspect of the work has been to 


determine the effect on the bond strength of a number 
of factors generally known to be significant in welding, 


NICHOLAS AND MILNER: 


PRESSURE WELDING BY ROLLING 21 


number of different widths, of aluminium composites 
which had undergone 60°, deformation, and the 
results are shown in Fig. 16. There is a marked falling 
off of the bond strength towards the edge of the com- 
posite, and as the width of the composite is increased 
the central strength increases to a maximum, after 
which it remains substantially constant. However, these 
results do not show how the bond strength developed 
with increasing deformation across the width of 
composites. In particular, it is not clear from them 
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Lateral variation in bond strength 
for aluminium composites, of 
various widths, which have under- 
gone a 60", deformation 
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and which might moreover, clarify the mechanism of 
bonding. As before, bond strength measurements have 
been supplemented by a metallographic examination. 


Rolling geometry 

It is well known that the efficiency of pressure weld- 
ing is dependent on the deformation pattern, and in 
the present series of papers Donelan’ and Holmes* 
both stress the importance of the geometry of the 
deforming tool. In the present investigation, this factor 
was examined in so far as it arises in deforming metal 
by rolling: thus, the effect of specimen width, thickness, 
length, and roll diameter were investigated. 

All the results so far reported were obtained from 
the central area of 4 in. square composites. A survey 
was now made of the strength across the width, for a 
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positions across 4 in. wide aluminium composites 


various 


whether the initiation of bonding requires a greater 
reduction nearer the edge of the specimen, or alter- 
natively, whether the same threshold deformation is 
necessary throughout but the bond strength develops 
less readily towards the edge. To examine this point 
the investigation was extended to further deformations 
and the results are given in Fig. 17. It can be seen that 
the threshold deformation is the same throughout, and 
it is the development of bonding which is pressure 
sensitive. 

A similar investigation of the effect of varying the 
initial thickness of aluminium composites before 
rolling showed (Fig. 18) that the bond strength 
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18—Effect of the initial thickness of aluminium composites on the 
resulting bond strength (60°, deformation) 
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20—Bond strength at the centre of aluminium composites, after 
60°. reduction, as a function of the ratio (composite width - 4 _ 


composite thickness) 


decreased with increasing initial thickness. An examin- 
ation made along the length of composites showed 
that, whilst some decrease in strength took place near 
the ends, this effect was not as marked as the effect 
of width and thickness (see Fig. 19). 

These variations showed that the weld strength 
changed appreciably independently of the deforma- 
tion, and that another factor was therefore playing an 
important part. From a qualitative comparison of the 
parameters which were known to be operative in 
rolling it appeared that the bond strength varied with 
the pressure, but a quantitative comparison was 
difficult to make without embarking on a series of 
determinations of the pressure distribution in the roll 
gap, which is in itself a major problem. However, the 


21—Comparison between the pressure distribution across the roll 
gap as determined by Siebel and Leug* and the bond strengths 
obtained in the present work ; reduction in both cases 47°5°. 
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comparison was pursued furtherintwo respects. Firstly, 
when the strength at the centre of the aluminium com- 
posites was plotted as a function of the composite 
width/thickness ratio (using the results on the effect of 
both width and thickness, Figs. 16 and 18) it was found 
that the strength increased until the width/thickness 
ratio attained a value of about 6 (see Fig. 20) and 
thereafter the strength remained constant. It is well 
known that the mean specific roll pressure can behave 
in a similar manner, since the Joad required to 
reduce the metal has to be increased to overcome the 
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frictional restraint exerted by the roll surfaces on the 
deforming metal. Secondly, the pressure distribution 
across the roll gap has been measured by Siebel and 
Leug® for aluminium strip measuring 30 mm. by 2 mm. 
and reduced by 47-5°%, and whilst specimens of this 
size would not be satisfactory for bond strength deter- 
minations, it was possible to use a thicker composite 
having the same width/thickness ratio and compare the 
bond strengths with Siebel and Leug’s pressures for 
the same deformation (see Fig. 21). It was found that 
increasing pressure up to 70 kg./sq.mm. increased the 
bond strength, but further increases in the pressure had 
no effect. 

To determine whether these results were of a general 
nature or specific to the case of aluminium, lateral 
variations in bond strength were determined for several 
thicknesses of copper and tin. In the case of copper 
results similar to those for aluminium were obtained 
(Fig. 22). With tin, however, the situation was more 
complex; for a width of 2 in. the strength varied in a 
manner similar as with aluminium and copper, but as 
the width was increased to 4 in. and 6 in., subsidiary 
strength peaks appeared towards the edges of the 
composites (see Fig. 23). With a width of 8 in., the 
fluctuation in the bond strength had diminished to give 
an approximately uniform strength across the width, 
while changing the initial thickness had little effect 
(Fig. 24). 

Thus, for aluminium and copper, pressure has a 
clear effect on the bond strength, but with tin, the 
complexity of the strength variation and the lack of 
data on pressure distribution in the roll gap make it 
impossible to arrive at a definite correlation. 

Owing to limitations in the control of speed of the 
rolling mills available, the effect of changing the 
geometry of rolling by changing the roll size could not 
be investigated without at the same time changing the 
rolling speed, and discussion of this aspect must there- 
fore be left until the results on the effect of roll speed 
have been presented. 


Effect of roll speed 


All results reported so far were obtained with an 
18 in. rolling mill which operated at a fixed speed of 
200 ft./min. But a knowledge of the effect of rolling 
speed is important, since if this parameter had any 
influence on bonding it would tend to support theories 


in which time-dependent processes such as diffusion 
played a part, and would militate against elastic- 
recovery theories. The only means available for 
examining the effect of time, while confining the 
investigation to roll bonding, has been to use a 10 in. 
two-high mill with a nominal speed variation of 
0-145 ft./min. However, the lowest speed at which tin 
and lead could be fed into this mill was 30 ft./min., 
whilst with aluminium and copper such a high speed 
was necessary to obtain the necessary ‘bite’ that an 
insufficient working range of rolling speed was left for 
any investigation to be made. For tin and lead the bond 
strength deformation curves were obtained for the 
upper and lower limits of operating speed, and the 
results (Fig. 25) show that lowering the rolling speed 
from 145 to 30 ft./min. approximately halved the 
threshold deformation. No difference was observed in 
the shape of the strength/deformation curve once the 
maximum bond strength was attained, in keeping with 
the theory based on the oxide break-up model out- 
lined earlier in this paper. 
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Effect of roll diameter 

In regard to the effect of rolling geometry in so far 
as the roll diameter has an influence, the difficulty here 
was that only two mills were available, which, while 
having different roll sizes, also operated at different 
speeds; the 18 in. mill had a fixed speed of 200 ft./min., 
whereas the maximum speed of the smaller mill was 
145 ft./min. However, it has already been shown that 
the effect of decreasing the rolling speed was to initiate 
bonding at lower deformation: and when the bond 
strengths obtained with the two mills were compared it 
was found (Fig. 26) that the threshold deformation 
was decreased by using the higher speed, larger dia- 
meter, mill. Thus increasing the roll diameter promotes 
the initiation of bonding, and to a greater extent than 
shown by Fig. 26, since this should be modified to take 
account of the speed effect by an amount which could 
not be determined with the available equipment 


Influence of surface contamination 

Of the many factors operative in pressure welding, 
the role of surface preparation and other surface para- 
meters is the most obscure. Scratch-brushing com- 
bined with a degreasing treatment invariably gives the 
best bond strengths, and after some initial experience 
with machined, electro-polished, ground, emeried, 
scraped, and ‘as-rolled’ surfaces, the standard treat- 
ment of degreasing in trichlorethylene followed by 
scratch-brushing was adopted throughout. Even 
reversing the procedure, and degreasing after scratch- 





8; 
<| 0° 


», 


| 60*2 
4| 509, 


2} 


+ (a) Aluminium 








tons / sq. in 


BOND STRENGTH 


02+ (c) Lead 





60% 


4} (d) Copper 
| 50%" 
ot 


= ~ 10 ~ 10? 


LOG T min 
Effect of exposing scratch-brushed surfaces to the atmosphere 
hefore rolling. Full line exposed to the atmosphere, broken 
line retained in a desiccator over P,O; 


ior 


brushing, was found markedly to decrease the bond 
strengths obtained. 

It is very difficult to make experiments on surface 
parameters in which a single factor is definitely 
isolated so that the results can be interpreted un- 
ambiguously. Researches on this aspect of pressure 
welding are now proceeding, but the results of a series 
of tests on the effect of atmospheric contamination, 
which appear to lead to a positive conclusion, will be 
presented here. 

Composites of aluminium, copper, lead, and tin 
were rolled, following routine preparation except that 
after scratch-brushing the surfaces were exposed to the 
atmosphere for periods of from 2 min. to 10 days. The 
resulting bond strengths were found to fall into a 
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regular pattern (Fig. 27), declining markedly with 
exposure for the first 15 min., thereafter remaining 
constant for about a day; further exposure resulted in 
a steady decrease in strength, sometimes to zero, 
during the next 10 days. The reason for this was not 
immediately obvious. The thickness of the oxide film 
would not be expected to increase very much, for 
instance, in aluminium, where on scratch-brushing 
sufficient surface heating probably occurs for the very 
rapid formation of a film which would not be appreci- 
ably affected by further exposure at room temperature. 


Hence the alternative possibility, of the growth of 


layers of adsorbed material from the atmosphere, was 
investigated by repeating the experiments with the 
specimens held in a desiccator above phosphorus 
pentoxide. In every case the bond strength was found 
to remain constant. Thus, bonding is very much de- 
pendent on the presence of adsorbed layers, the main 
contaminant probably being water vapour. 


Effect of temperature 

It is well known that increasing the temperature can 
result in a very marked lowering of the deformation 
required for welding. This in turn must be pertinent to 
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the mechanism of bonding, but so many factors and 
possibilities arise that again this is being treated as a 
subject for investigation on its own; only one result 
(Fig. 28) is presented here to show the magnitude of 
the effect of temperature on the threshold deformation 
for aluminium. At temperatures above 350°C. bonding 
was initiated with aluminium at a lower deformation 
than with lead at room temperature. 


Correlation of the Initiation and Development of 
Bonding with Interfacial Characteristics 


Earlier in this paper it was shown that the macro- 
scopic measurements of bond strength could be 
correlated with the presence at the interface of primary 
discontinuities, and that the total length of these dis- 
continuities was determined by the original length of 
the specimen. The theory was then proposed that the 
maximum strength was determined by the area of 
virgin metal which was available for bonding. Since 
this maximum strength is often not obtained, it might 
be expected that this would be reflected in the charac- 
teristics of the interface. Hence weld interfaces in 


29— Area of interface in aluminium with very little bonding, taken 

in. from the edge of an 8 in. wide composite. The secondary) 

line discontinuity can be readily distinguished. Deformation 
47%, * 250, etch 2% HF/27% HNO, 


aluminium were examined for those conditions under 
which the maximum strength is not reached; compo- 
sites were examined which had been subjected to 
deformations lying between the threshold value and 
that at which maximum strength was attained, and 
specimens were taken of interfaces away from the 
centre of the composite, and where surfaces had been 
exposed to the atmosphere before rolling. In all cases 
a further type of discontinuity, in addition to the 
normal primary types was observed, having the form 
of a hair-line crack; a typical example is shown in 
Fig. 29. 

To correlate the presence of these secondary dis- 
continuities with the observed bond strength, a survey 
was made of their distribution for various cases, and 
the strength was then calculated by taking account of 
the triaxial stress conditions as described on p. 20. It 
will be appreciated, from a comparison of Fig. 29 with 
Fig. 6a, taken at the centre of a composite and showing 
only primary discontinuities, that the length of a 
secondary discontinuity was much more difficult to 
define accurately, so that there was more scatter with 
these results. Nevertheless, the correlation was clear 
enough; Fig. 30 shows the result of such a survey, and 
the corresponding calculation for the lateral variation 
in bond strength of aluminium reduced by 47% is 
given in Fig. 31, which also shows the experimental 
bond strengths. The distribution of the primary dis- 
continuities always conformed to that expected from 
the concept of two scratch-brushed layers breaking up 
as one, as had previously been found for the centre of 
the standard composites. 

A similar examination, although not so extensive, 
was also made for copper, but in this case the metallo- 
graphic technique appeared to play a more important 
part, as a series of discontinuity types could be seen. 
These varied from the hair-line crack representative of 
aluminium, through degrees of width, to the relatively 
thick primary type, so that no clear distinctions could 
be drawn. With tin and lead, no technique has been 
found which can resolve the fine structure of the con- 
tinuous boundaries to show how the interfacial 
characteristics vary with the joint strength. 
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Discussion 


The purpose of these researches has been to investi- 
gate the mechanism of pressure welding in the roll 
bonding process, and while a body of data has been 
obtained which provides a basis for analysis, shows the 
relationship between a number of variables, and allows 
partial conclusions to be drawn, no overall theory can 
be offered. However, the research is continuing into 
some of the more critical aspects, and it is hoped that 
the information gained will lead to further develop- 
ments. In the meantime it is possible to arrive at some 
conclusions regarding the correct model which has to 
be pursued. 

Taking first a broad view, two possibilities exist: 
either welds do not readily form, or alternatively they 
do form, but are broken apart by elastic recovery 
forces, as was suggested by McFarlane and Tabor.'® 
There are two arguments against elastic recovery 
playing a major part. Firstly, it is difficult to visualize 
how such forces could be effective when two virtually 
flat blocks are rolled together, as opposed, for example, 


to the case of a hard spherical indentor pressing into a 
flat surface, for which this model was originally 
developed. Secondly, there is the fact that the initiation 
of bonding shows a marked time dependence, which 
would be difficult to explain on an elastic recovery 
model. Thus, it would appear that it is the factors that 
are Operative in causing the surfaces to come into 
intimate contact which are important, and if this 
problem is considered at a macroscopic level, these are 
the presence of an oxide film and the difficulty of bring- 
ing two rough surfaces into contact. 

On the basis of the results presented in this paper, it 
has been possible to define the role of the oxide film 
which is initially present on the metal surface, as pre- 
venting bonding over the area which it occupies, this 
area being equal to the initial area of the composite. 
This model differs from that previously postulated for 
the behaviour of the oxide film by Tylecote,'! who 
suggested that it was the ratio of the hardness of the 
oxide film to that of the underlying metal which deter- 
mined the degree of fragmentation of the oxide film, 
and that this in turn controlled the initiation of bond- 
ing. By contrast, the present work leads to the conclu- 
sion that the break-up of the oxide film determines the 
maximum bond strength attainable, but that other 
factors control the initiation of bonding. 

The problem now remains of why the virgin metal 
areas, created by the extension in length of the com- 
posite during rolling, do not always weld. Pugh and 
Holmes*:* have recognized that contact across the 
interface may be difficult to achieve, because the 
restraint imposed by the adjacent bulk metal may make 
asperities on the surface difficult to deform. In order to 
determine how much this factor contributes to the 
difficulty of bringing two surfaces together, the ex- 
treme case, of the deformation of a surface into which 
a series of deep grooves had been machined, was 
investigated in the present work. Lateral V grooves 
0-05 in. deep and separated by distances of 0-25 in. 
were milled out of the surfaces of tin and aluminium 
plates, 4x 4x 0-3 in., which were then clamped onto 
polished plates of the same material. A series of these 
composites was rolled, using the 18 in. dia. mill, and 
the deformation of the grooves was compared with the 
overall deformation. The immediate observation was 
that at reductions as low as 5°, when the grooved 
surface had apparently deformed very little, the surface 
that had originally been flat had become a complete 
replica of the grooved surface, even to the extent of 
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reproducing the marks of the machine tool. However, 
when detailed measurements were made (see Fig. 32) it 
was found that at low deformation the height of the 
surface asperities had undergone more than the mean 
reduction. Even so, no flattening of the tips of the 
asperities could be observed. Thus it is clear that there 
should be no difficulty in bringing two surfaces into 
macroscopic contact, even when they are both rough, 
as at any position across the interface the degree of 
roughness, and hence the flow stress, will be less at one 
surface than the other, so the rougher surface will pene- 
trate the smoother to cause overall intimate contact. 

Macroscopic contact of the virgin metal areas should 
therefore be readily obtained, but this is not sufficient 
for bonding, which will occur only if the surfaces are 
brought into contact within atomic dimensions, so that 
the attractive forces between atoms can operate. It is 
the analysis of how this occurs, at a level in which 
atomic movements are considered, that constitutes 
the problem of the mechanism of bonding; this 
problem of the formation of welds in the solid phase is 
not specific to pressure welding, but is also relevant to 
sintering and frictional phenomena. Various con- 
siderations are involved; first, there is the flow of the 
metal, which takes place by slip and other more 
complex movements of dislocations and vacancies 
along favoured atomic planes. But it is not possible to 
bring two surfaces into intimate contact by processes 
which occur along crystallographic planes which are 
even only a few atomic distances apart, so that, as well 
as mechanical flow, local readjustments by diffusion 
processes in the vicinity of the interface must be 
essential. Also, unless the welding operation is carried 
out under a very high vacuum, there is the problem of 
the solution of the entrapped gases to be considered. 
Fine, Maak, and Ozanich'* have shown by special 
etching techniques that with steels the layer of metal 
adjacent to the interface is oxygen-rich when welds are 
made in air, and the present work has shown that ad- 
sorbed water vapour can have a particularly deleterious 
effect. Thus, at adeformation of 60°, all the virgin metal 
area was found to weld if the composite was rolled 
within two minutes of scratch-brushing, but if water 
vapour became adsorbed on the surface it did not 
remain attached to the oxide, but was sufficiently 
‘mobile’ to contaminate some of the virgin metal areas 
as they formed and thus reduce the bond strength. 
Held and Hendus,'* by carrying out their experiments 
in a ‘high’ vacuum (using a diffusion pump), eliminated 
as far as possible the influence of these adsorbed and 
entrapped gases (although possibly also removing the 
oxide film), and were able to initiate the bonding of 
Armco iron with negligible deformation by holding for 
one hour at 400°C., most unusually favourable con- 
ditions for iron. 

Since mechanical deformation, atomic readjust- 
ment at the interface, and the solution of entrapped 
gases are all to some extent dependent upon diffusion 
phenomena, the influence of time and temperature is 
obvious. Conversely, varying the time or temperature 
could change any or all of these processes so that, with- 
out further control, experiments investigating these 
parameters yield ambiguous results. It is difficult to 
isolate the individual processes which can operate in 
bond formation. Thus, for example, Erdmann- 
Jesnitzer and May! virtually eliminated deformation 


and drastically reduced the applied load in a series of 
experiments to determine the temperature at which 
welding was initiated between copper rods abutted 
under a light load and heated in a protective atmos- 
phere, and found that bonding occurred at 740°C.; a 
similar series of experiments was carried out by 
Parks'® for a number of metals, but although the 
conclusion was that welding begins in the region of the 
recrystallization temperature, it is difficult to relate 
these results to the mechanism of bond formation in 
welding as it is normally practiced. Cook and Davis,'® 
approaching the problem from the purely practical 
viewpoint of determining the optimum conditions for 
the welding of high-conductivity copper, found that 
the U.T.S. of a butt-welded joint made in 10 min. at a 
temperature of 500°C. and pressure of 1-5 tons/sq.in. 
was 8 tons/sq.in., but that if the pressure and tempera- 
ture were maintained the strength increased, until 
after 30 hr. it had almost doubled, to 15-5 tons/sq.in., 
thus demonstrating most strikingly the general influ- 
ence of these factors. 

The remaining parameter which this work has 
shown to be of significance is pressure. Other workers 
have also found pressure to have an effect; Hoffman 
and Ruge’’ in particular related welding to pressure, 
but these workers, having found that there was a 
critical pressure at which marked flow of the metal 
readily took place, concluded that it was in fact the 
flow of the metal that was significant, and the pressure 
only of importance in that it brought this flow about. 
In the present work the influence of pressure was 
demonstrated via changes in the geometry of rolling— 
in particular, the bond strength varied markedly across 
the width; but since the metal flow had been sub- 
stantially the same throughout the composite, there is 
no correlation with the work of Hoffman and Ruge. If 
in fact the enhanced metal flow were the critical factor, 
the stronger bonds would be expected at the edge of 
the specimen where some lateral spread occurred, 
whereas the bond strength in this region was very low. 
Whether increasing the applied pressure affects the 
atomic processes of mechanical deformation is not 
known, and since it could have an effect on the diffu- 
sion of metal atoms, of vacancies, and of entrapped gas 
in the metal, the exact role of this variable is particu- 
larly difficult to evaluate. 

The most positive aspect of this work is the role it 
assigns to the oxide film, and it would be very useful if 
the concepts involved could be applied to the other 
pressure welding techniques. This, however, would 
require a knowledge of the relation between the 
deformation of the metal and the increase in area of 
the interface, and this is not known either in small-tool 
or in butt welding. However, one piece of work does 
have some relevance; Austin and Jeffries'® in 1932 
carried out butt welding of various types of steel at 
high temperatures, and measured bond strengths and 
examined interfaces. As in the present work, they 
observed discontinuities at the interface, which they 
regarded as patches of oxide. By some unspecified 
means these workers determined the apparently bond- 
ed area, tried to correlate it with the bond strength, 
and found that higher strengths were obtained than 
would be expected on a basis of the weld strength 
being equal to the apparently bonded area multiplied 
by the strength of the metal as determined by normal 





tensile tests. For this reason, Austin and Jeffries con- 
cluded that there must be some bonding between oxide 
and metal. However, when the concept of restraint, 
and the relation between the degree of restraint and 
constraint factor, is applied to these results as des- 
cribed on p. 20, it is found (Table II) that on recalcu- 
lation there is very good agreement between the 
measured bond strengths and those calculated from the 
weld area measurements. 


Table I 


Relation between bond strengths of butt-welded steels and values 
calculated from weld areas 


Experimental Results of Austin and Jeffries*® 





Metal strength attained by 
welding, 
Experimentall, 
Determined 


of steel Weld area, 


Calculated 


Open Hearth 
Open Hearth 
Open Hearth 
Open Hearth 
Besse 
Besse 
Besse 


Besse 





In summary, an assessment of the available informa- 
tion on pressure welding leads to the conclusion that 
the initiation and development of bonding are complex 


phenomena, depending on a variety of factors, but 
that the maximum bond strength attainable, at room 
temperature at least, is determined by simple geo- 
metrical considerations 


Conclusions 


Practical application of cold roll bonding 


(1) For room temperature welding, a deformation of 
60-70°. is required with @uminium, copper, lead, 
tin, and zinc to obtain weld strengths equivalent to 
those of solid metal. 

The first roll pass should be sufficient to cause the 
composite to adhere; thereafter the weld strength 
can be built up by successive small reductions. 
Weld strengths deteriorate rapidly as water vapour 
is adsorbed on the faying surfaces. 

Bonding is promoted by the use of low rolling 
speeds and large-diameter rolls. 

With the harder metals investigated (aluminium 
and copper), the bond strength is low for a region 
of about | in. from the edge of the composite. 


» fundamentals of pressure welding relevant to roll bonding 


The maximum bond strength that can be achieved 
at room temperature can be calculated on the 
assumption that there are present on the surface of 
the composite brittle oxide films which come 
together at an early stage of their progress through 
the roll gap and thereafter behave as one. These 
films are completely brittle, so that the virgin 
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metal area which is potentiaily available is the 
increase in area of the interface. Taking account of 
the triaxial stress conditions existent when a load 
is applied, the maximum ultimate shear strength 
that the weld can have, if the whole of the virgin 
metal area bonds ts given by: 

U.S.S R(2—R) USS 
where R is the reduction. (This result would not 
apply to high-temperature welding where the oxide 
film can diffuse into the adjacent metal.) 
In many cases, no bonding, or less than the maxi- 
mum strength, is obtained; this is due to the diffi- 
culty of bringing two surfaces into atomic contact, 
and the correct model for the mechanism of the 
process will have to take into consideration 
mechanical flow of metal in terms of atomic 
movements, local readjustment at the interface by 
diffusion, and the solution of entrapped gases. 
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INFLUENCE OF RELATIVE INTERFACIAL 
MOVEMENT AND FRICTIONAL RESTRAINT 
IN COLD PRESSURE WELDING 


By E. Holmes,M.A., PH.D. 


Introduction 


CIENTIFIC interest in the ancient art of pressure 

welding may be said to date from 1724, when 

Rev. J. T. Desagulhers' drew the attention of the 
Royal Society to experiments indicating the ease with 
which lead could be joined manually at room tem- 
perature by a simultaneous pressing and twisting 
operation. In more recent years, the significance of a 
twisting action has not been stressed, except in a paper 
by Cooke and Levy* concerned with the welding of 
aluminium to steel at elevated temperatures. However, 
when interest in cold welding was renewed by Sowter,* 
it was at first* reported that overlapped strips of lead 
required considerable indentation to weld them, this 
being ascribed by Tylecote* to the difficulty of dis- 
persing oxide films from the interface. Oxide dispersal 
by interfacial sliding has been demonstrated in friction 
experiments described by Bowden and Tabor,°® and 
consideration was therefore given in the present work 
to the possibility of facilitating cold welding by rela- 
tive movement of the surfaces to be joined. 

It was appreciated, however, that oxide dispersal 
was not the only prerequisite for good bonding, since 
the forces of interatomic attraction, upon which weld 
cohesion depends, can become significant only when 
the metallic atoms of the members to be joined are not 
separated across the interface by more than a few 
atomic spacings. This requires that the initially un- 
matched surface contours must be modified as a result 
of the applied pressure, a condition which was re- 
garded by Pugh® in his cold welding experiments as 
being more important than oxide dispersal. It was 
considered that the removal of interfacial voids would 
be facilitated if, by the application of a side restraint, 
the stress across the interface could be increased. In 
the present experiments, variation in side restraint was 
provided by the simple expedient of altering the 
cross-section of the indenting tools, and thereby 
changing the frictional forces that they imposed. 

A third factor, which has been considered as a 
criterion for pressure weldability by McFarlane and 
Tabor’? and by Udin, Funk, and Wulff, namely the 
extent to which a joint may suffer partial or complete 
failure as a result of the redistribution of elastic stresses 
during the release of the welding load, was not directly 
investigated during the present survey. It was, how- 


* Later workers, including Pugh,*® have attributed better cold 
welding properties to the soft metals, lead and tin, than did 
Sowter or Tylecote. 


Relative movement of overlapped strips under compres- 
sion by tools of narrow annular cross-section, and the 
oxide dispersal attendant upon this movement, per- 
mitted some permanent bonding to occur between 
aluminium or copper autogenous assemblies, but did not 
aid the attainment of maximum joint strength by sub- 
sequent direct indentation. The initiation of welding in 
similar assemblies when indented by small-diameter 
tools was made to occur at a lower deformation when 
an increased frictional restraint was imposed from a 
larger tool face at some intermediate stage of the 
operation. From the observation of anodized films, it was 
anticipated that increased restraint retarded oxide 
break-up, and it was shown that continued indentation 
from the larger faces did not permit the attainment of 
full bond strength. It is suggested that, for these assem- 
blies, the removal of interfacial voids mainly determines 
weldability when using tools of small cross-section, but 
that oxide dispersal becomes more important as the 
tool size increases. 

The strengths of welds made between aluminium and 
copper were solely dependent upon the deformation of 
the copper component, and were increased by prelimin- 
ary sliding at the interface. Oxide on the copper 
members was considered to be the final barrier to cold 
welding of this type of assembly. 


ever, considered that this factor should be most 
significant for low-ductility bonds, and should militate 
against the use of side restraint because of the increased 
elastic stresses thereby imposed. 


Experimental Details 


Previous workers have indicated that the strengths 
of cold pressure welds are influenced by variations in 
technique, such as the method of cleaning and the 
speed of welding; thus, the procedure adopted in the 
present work was standardized in the following man- 
ner. Strips to be joined, 6 in. long, | in. wide and 
0-048 in. thick, were first degreased using trichlor- 
ethylene vapour degreasing equipment. Solid impuri- 
ties were then removed from the surfaces to be joined, 
using a coarse, mechanically operated wire brush; this 
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method was chosen to minimize further contamina- 
tion, such as that produced by chemical reaction during 
pickling or by physical embedment during emery 
abrasion. Reintroduction of grease at this stage was 
prevented by degreasing the brush used and by re- 


Tools and holder for welding with relative movement at strip 
interface 


fraining from handling the areas to be joined. The 
strips were overlapped approximately |} in. and, 
within one minute of cleaning, were welded by inden- 
tation, the shape and size of the tools used depending 
on the experimental requirements. 

In the apparatus used for welding by relative 
movement of the strip surfaces (Fig. 1), the tool guides 
were designed to permit rotation with respect to one 
another, movement under load being facilitated by two 
sets of thrust bearings. The strips to be joined, held 
one to each guide in | in. wide grooves, were made to 
slide one over the other as a result of the rotation. 
Tools of annular cross-section, having internal and 
external diameters of 0-470 in. and 0-548 in., respec- 
tively, were used, their circular section allowing the 
same area of strip to remain between the tools during 
the operation, whilst their narrow form ensured that 
the sliding movement was approximately uniform over 
the whole weld area. At the beginning of each test, the 
strips were placed in position in their respective 
grooves and set at a known angle out of alignment. 
A predetermined load was then imposed through the 
tools and, by rotation of the upper tool holder, the 
strips were brought into line. During this operation 
the load imposed changed slightly, in general decreas- 
ing but occasionally increasing when light loads were 
used. It was impracticable to adjust the load during 
sliding to compensate for this small change but, as it 
was no more than 5°,, it should not materially have 
influenced the validity of the results. The breaking 
load for some of the joints was determined after the 
completion of sliding, but most specimens were tested 
after an increased load had been applied to the tools, 
to indent the strips further. One of each pair of strips 
had to be bent before welding to fit into its groove 
It was re-straightened with a slight load imposed 
through the tools onto the completed weld; this load 
was necessary to prevent fracture of low-strength 


O 




















2— Method of testing pressure welds 


bonds, but was unimportant for straightening strong 


joints. 


When no relative movement of the strips was 
needed, a simple cylindrically shaped tool guide was 
used, in which the strips to be joined were accommo- 
dated inside a radial slot, without bending. Most of 
these tests were made to determine the influence on 
welding characteristics of the different amounts of 
frictional restraint on the strip produced by indenting 
tools with one of the following cross-sectional dimen- 
sions: 


(a) Annular tools, internal and external diameters 0-470 in. 
and 0-548 in., as used in rotation welding 
(b) Large-diameter tools, 0-625 in. dia. 








HOLMES: INTERFACIAL 


(c) Small-diameter tools, 0-200 in. dia 

(d) Stepped tools, 0-625 in. overall dia. reduced coaxially to 
0-200 in. at the indenting surface for a short distance 
referred to as the step height. 


The strength of each joint was determined by pulling 
the straightened strips apart in a tensile testing ma- 
chine (see Fig. 2). The stress distribution at the time of 
fracture was complex but, within the limits permitted 
by variations of weld deformation and shape, the tests 
were comparable one with another. 

The breaking loads so obtained were related to 
deformation at the indentation, defined as: 


Initial thickness 


Change in thickness 100°, 


Che thickness considered was the combined value for 
the two overlapped strips, except when the deforma- 
tion of a single component is specifically mentioned. 


Autogenous Welds 


Bonding assisted by sliding 

Autogenous welds were made in aluminium and in 
copper, using several combinations of sliding load and 
distance within the limits permitted by the apparatus 
and the operation. Thus, the maximum circular move- 
ment in one direction, measured in terms of the mean 
tool diameter, was limited by the design of the appara- 
tus to 0-4 in. The maximum load was limited to 0-3 
tons for aluminium and 0-7 tons for copper; for greater 
loads, the strips tended to force their way out of the 
retaining grooves rather than to rotate with them. 

Reduction in strip thickness imposed by the relative 
movement was rarely more than 2°%, but the operation 
was sufficient in most instances to produce some per- 
manent bonding. The use of larger loads or sliding 
distances, within the limits permitted by the experi- 
ment, improved the joint strength, but each successive 
increase had a proportionately smaller influence. 

These results were in qualitative agreement with 
Orowan’s experiments on friction between annular 
aluminium specimens,*® in which he found that the 
coefficient of friction increased with sliding distance, 
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4— Effect of sliding on cold welding of aluminium: Sliding load 
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3—Effect of sliding on cold welding of aluminium: Sliding load 
0-1 tons 


WELDING DEFORMATION, % 


5—Effect of sliding on cold welding of aluminium: Sliding load 
0-3 tons 


the change being significant at first but negligible after 
2 mm (0-08 in.) of movement. Both sets of results 
show that oxide dispersal from earlier stages of the 
sliding action is still effective in the later stages. The 
conclusion of Bowden ef ai.,° that friction was un- 
affected by sliding distance, applied to different con- 
ditions in which sliding was not confined to the same 
area of material throughout; this finding is therefore 
not in conflict with the present experiments. 

The breaking loads of joints which were subjected 
to a further deformation without sliding have been 
related to the total deformation imposed; the results 
for aluminium are given in Figs. 3-5, and those for 
copper in Fig. 6. For similar conditions of initial 
sliding, the variations in breaking load were not sig- 
nificant if the total deformations were below 40° for 
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Effect of sliding on cold welding of aluminium at various loads 





aluminium and 50°, for copper; these are the defor- 
mations required to initiate bonding in the absence 
of sliding. Differences which did exist were in the 
nature of a random scatter totally unrelated to welding 
deformation; thus, in the diagrams, a mean horizontal 
line has been drawn through each series of representa- 
tive points. At higher deformations the breaking load 
increased to a value equal to, or very slightly greater 


than, the maximum obtainable without any sliding 
action. 

It may thus be concluded that sliding, despite its 
accompanying oxide dispersal, did not significantly 
assist the autogenous welding of copper or aluminium 
by subsequent static loading between annular tools; 
this implies that oxide dispersal is not the difficult 
part of this form of pressure welding. Further evidence 
in support of this conclusion was obtained by sub- 
mitting strips of aluminium to a double sliding action, 
in which a movement of 0-32 in. under a load of 0-2 
tons was followed by an equivalent movement under 
a load of 0-1 tons. The resulting breaking loads for 
these welds were similar to those obtained by a single 
sliding action at the lighter load (see Fig. 7). The 
stronger bonds expected from sliding under the heavier 
load must have fractured at least in part during the 
second sliding action, although the extensive oxide 
break-up required for high bond strength should have 
been retained. Despite this, subsequent static loading 
did not cause satisfactory bridging until the deforma- 
tion was sufficient to have caused bonding without 
sliding. 


Bond failure due to sliding 

Joints in aluminium made by sliding, and others 
made by direct pressing, were compared in their 
ability to withstand further sliding movement under 
light loads without fracturing. The nature of the 
experiment did not allow the measurement of joint 
strengths before the final sliding action, but these 
could be assessed from previous tests. Most of the 
joints were chosen so as to have an estimated break- 
ing load of about 0-2 tons, since this value, near the 
maximum attainable, was more consistently repro- 
duced than any other. After these welds had each been 
twisted under a load of 0-1 tons for a predetermined 
distance, the strips were removed from the tool-holder 
and tested in the usual manner. The results, shown in 
Fig. 8, indicate that only those bonds which were 
made by static loading, and were of high strength, were 
capable of withstanding large amounts of sliding 
without failure. 
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Variation of frictional restraint 

In preliminary tests on welding without sliding, 
using strips of 0-048 in. annealed aluminium, quite 
different pressure welding characteristics were ob- 
tained with 0-200 in. dia. and with 0-625 in. dia. in- 
dentation tools. For the smaller tools, the general 
shape of the curves relating welding deformation to 
the resultant bond strength was analogous to that 
obtained for annular tools: a deformation of about 
40°, was necessary to induce slight permanent bond- 
ing, whilst an additional 15°, was sufficient to produce 
joints having a maximum breaking load of 0-12 tons. 
In contrast, with the 0-625 in. dia. tools, a deformation 
of 75°, was required to produce joints of 0-12 tons 
breaking load, although the indenting surfaces had 
approximately ten times the area of the smaller tools. 
Using the larger indenters, however, it was possible to 
induce very slight adhesion with only 2°, deformation; 
this effect was not noticed when using 0-200 in. dia. 
tools, and was no doubt caused by mechanical inter- 
locking of the surface asperities. This seems to confirm 
the belief that higher frictional restraint from the 
larger-diameter tool assists the modification of the 
surface asperities. The poor bonding induced by the 
larger tools was considered to be due to the difficulty 
of oxide dispersal, which appears to be more easily 
accomplished with smaller tools. 

The possibility that increased oxide dispersal from 
the smaller-diameter tools might be combined with 
the desirable effects of the larger tools was studied by 
indenting with tools made up of two concentric steps, 
the face making the initial indentation being of 0-200 
in. dia., which increased sharply to 0-625 in. dia. 
Several series of tests were made, the step height being 
changed for each series. 

The results of these experiments are shown in Fig. 9. 
An improvement in weld strength was obtained by 
indenting with tools of greater step height, but the 
deformation required to initiate bonding decreased 
with a reduction in the size of the step. For tools having 
a small step height, this onset of welding coincided 
approximately with the occurrence of some permanent 
marking of the strips by the larger, 0-625 in dia., tool 
faces. However, at the onset of welding, the separation 
of these larger faces was greater than the combined 
thickness of the overlapped strips; thus, the nominal 
area of contact between the prepared surfaces of the 
strips was confined to that of the smaller-diameter 
portion of the tool. It follows that the initiation of 
welding for each step height occurred under almost 
identical flow conditions, since the greater part of each 
indentation was produced by tools of identical shape, 
and negligible flow had resulted from indentation by 
the larger-diameter faces. The results would suggest 
that oxide dispersal from the initial indentation by the 
smaller tool was sufficient to produce bond strengths 


in excess of those actually obtained, the full effects of 


this dispersal appearing only when adequate asperity 
deformation was induced as a result of some frictional 
restraint from the larger-diameter faces. Once these 
faces exerted their full restraining influence, further 
indentation caused little if any increase in joint 
strength. On the basis of these conclusions, the stepped 
tools might be used to obtain an indication of the 
extent of oxide dispersal produced by the smaller tools 
before the larger faces began to make their impression. 
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9—Cold welding of aluminium with step-shaped tools 


Aluminium to Copper Welds 


Variation of frictional restraint 

In all the joints made between copper and alumini- 
um, the copper was in the annealed state, and the 
aluminium was used in either the annealed or in the 
heavily cold-worked condition. Overlapped strips of 
the two metals were indented with differently shaped 
tools, one of circular cross-section, 0-625 in. dia., and 
the other of annular cross-section, having 0-470 in. 
internal and 0-548 in. external diameter. The former 
tool, having a larger area of contact, provided more 
restraint than the latter, and was used in turn on the soft 
and hard side of the combination. In addition, welds 
were made with an annular tool on each side of the 
overlapped assembly. 

Strengths for the three forms of restraint are related 
to the total deformation and to the deformation of the 
copper component in Figs. 10-13. Two important 
conclusions emerged from this part of the work: 


(a) Bond strengths were determined by the deformation of the 
copper component, regardless of the tool arrangement and 
therefore the relative restraint of the components 


(b) Considerably smaller deformations of the copper were 
required to bond copper to aluminium than were needed 
to join copper to copper. 


The first of these conclusions would suggest that 
some condition of the copper component, probably 
oxide dispersal, was limiting the extent of bonding 
between aluminium and copper. The other require- 
ment, increased interfacial contact, should be deter- 
mined primarily by the easier flow of the asperities on 
the softer of the two metals, and would almost cer- 
tainly have been dependent upon the deformation of 
the aluminium. If this is so, asperity deformation was 
not controlling the extent of welding for this particu- 
lar metal combination. 

The second conclusion would suggest either that 
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in the duplex welds or, alternatively, that in the autogenous welds 
adequate oxide dispersal occurred well in advance of permanent 
bonding. The large difference in bonding deformations required 
in the two cases would lend support to the latter alternative, and 
thereby to the suggestion already made, that restricted asperity 
deformation may be the ultimate limitation on permanent bonding 
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Bonding assisted by sliding 
Bonding of copper to aluminium differed in another respect 


from the autogenous welding already considered, in that relative 
movement between the dissimilar metal surfaces was able to reduce 
considerably the deformation required to obtain full bond strength 
by subsequent static loading. The results in Fig. 14 show that, if 
sliding loads and distances are themselves sufficient to effect some 
permanent bonding, they enable full bond strength to be obtained DEFORMATION OF COPPER % 
during subsequent static loading for a total deformation as small 13d dealin aff canna te mipcteaiied aleuter 

.. This deformation did not produce even slight permanent jm (Dp P.N. 51) compared with autogenous welding 
of copper 
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This observation is in complete accord with the 
suggestions previously made, that oxide on the surface 
of copper is the final barrier to bonding that metal to 
aluminium using narrow indenting tools, and that 
sliding between two surfaces can bring about oxide 
dispersal. 


Lead to Copper Welds 


Very low deformations were sufficient to make lead 
adhere to copper, even when relative surface movement 
was not imposed. The bonds, when tested by the 
method previously described, were so strong that 
failure occurred in the lead member around the peri- 
meter of the indentation. By contrast, the bond could 
easily be separated by tearing the lead away from the 
copper. This could be explained if the strength had 
been mainly derived by mechanical interlocking, par- 
ticularly since the low deformation in the copper 
component would be unlikely to have caused oxide 
dispersal. 

Confirmation of this was obtained by cleaning the 
copper surfaces with fine-grade emery paper rather 
than by scratch-brushing; because of the smoother 
surface thus produced, keying of the lead into the 
copper then became more difficult and greater total 
deformations were required to form a bond (see Fig. 
15). During this deformation the surface of the copper 
became more roughened, presumably because of the 
different orientation of slip planes in the surface 
grains. This roughening probably assisted eventual 
bonding. 

No improvement in the pressure welding character- 
istics of lead to copper was obtained by sliding. The 
operation could not produce permanent bonds at 
loads below those at which static loading caused 
adhesion, even when the sliding distance was 0-4 in., 
the maximum permitted by the apparatus. Penetration 
of lead into the cavities on the copper should have 
been adequate at these loads, and the results suggest 
that oxide on the copper had not been adequately 
disturbed. 
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15—Bonding of lead to copper at room temperature 
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Oxide Rupture during Loading 


In the foregoing assessment of the relative impor- 
tance of surface films and of interfacial voids as a 
barrier to pressure welding, the following suggestions 
have been advanced about the importance of oxide 
dispersal: 

(a) Using annular-shaped tools for autogenous aluminium 

and copper welds, oxide dispersal occurs in advance of 


welding, interfacial voids providing the main limitation to 
strength 

Oxide is more difficult to disperse using 0-625 in. dia. 
indenters than with those of 0-2 in. dia. or of annular 
shape 


It was not possible to test these statements by optical 
microscopic techniques, because the films present on 
the strip after surface cleaning were too fine to be 
resolved. The method of analogy was therefore 
adopted, in which the fracture of anodized films at the 
interface of overlapped aluminium strips was studied 
after different amounts of indentation from each pair 
of pressure welding tools. The films were dyed black 
to provide contrast with the aluminium substrate and 
thus to facilitate microscopic examination. It was 
appreciated that the anodized layer was so different 
in character from the oxide film present during 
pressure welding as to preclude precise quantitative 
comparison between the two; nevertheless, it was not 
unreasonable to assume that the factors which were 
most favourable in causing rupture of the former 
would also most readily induce failure in the latter. 

In the tests, two strips of 0-048 in. annealed and 
anodized aluminium were superimposed and pressed 
between two tools as for normal pressure welding. 
Predetermined amounts of deformation were imposed, 
and the film at the interface between the two strips 
was subsequently examined under the microscope. 

Fracture of the anodized film occurred quite readily 
when pressure was applied through the annular tools, 
being first observed after 5°, deformation. The pro- 
gressive increase in the extent of fracture is shown in 
Figs. 16 a—c. In marked contrast, under a load imposed 
by the 0-625 in. dia. tools, rupture was not obtained 
over most of the interfacial area after 20°, deforma- 
tion. Slight rupture by tearing had occurred near the 
periphery of the indented region (Fig. 16d), whilst 
near the centre there were isolated points at which the 
anodized film had been pierced. These results thus lend 
support to the conclusions already expressed concern- 
ing the role of oxide dispersal in pressure welding. 





(a) 
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Al to Al—annular tools—10°, deformation 


) Al to Al—annular tools—40°, deformation 


) Al to Pb—annular tools 0”. deformation 


The observations on oxide rupture may be explained 
on the basis of the evidence of Nadai'® and Bridg- 


man,’ 


that 


materials are made more ductile when 


(b) Al to Al—annular tools deformation 


(d) Al to Al—0-6235 in. dia. tools—20°, deformation 


16—Fracture of anodized films at interface of superimposed and 
indented strips 250 


under the influence of increased compressive forces 
Thus, when the oxide film is loaded vertically, the 
horizontal stresses resulting from frictional restraint 
will increase towards the centre of the impression, 
and will be greatest for tools of large diameter. It 
would be expected, therefore, that rupture would most 
readily occur when narrow tools are used and that, 
for those of extensive area, it would begin at the peri- 
phery of the indentation. Puncturing of the film by 
direct piercing, on the other hand, would occur in the 
regions where the vertical stress was greatest, i.e. at 
the centre of the areas in contact 

The effect upon oxide rupture of deforming a dis- 
similar metal combination was studied using anodized 
aluminium as one member, the second being lead in 
one series of experiments and mild steel in another 
In both cases an annular-shaped tool was used on the 
hard side and a 0-625 in. dia. tool on the soft side of 
the combination. In the presence of the softer material, 
the anodized film broke by extension at a slightly lower 
deformation than when it was in contact with a second 
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strip of aluminium. The amount of break-up for 10°, 
deformation of the aluminium component is indicated 
in Fig. 16e, for comparison with the break-up shown 
in Fig. 16a. In contrast, the failure of the anodized 
film in the presence of a harder metal occurred by 
piercing rather than by extension. 


Discussion 


The results of the pressure welding tests described 
have helped to define, in a semi-quantitative manner, 
the relative importance of oxide dispersal and modifi- 
cation of surface roughness upon bond strength, 
particularly when sliding occurs between the members 
and when the frictional restraint is changed. 

In autogenous welds made in aluminium or copper, 
using narrow annular-shaped tools, sliding between 
members did not assist joining by subsequent static 
loading even when it was known that, by double 
sliding action, the oxide dispersal was sufficient to 
produce stronger bonds than were retained after 
sliding. It was thus concluded that the bond strength 
produced in such systems by static loading was 
dependent upon modification of surface roughness, 
and that oxide dispersal was comparatively easily 
achieved. Support for this view was obtained by ob- 
serving the extent of fracture in anodized films on the 
surface of aluminium strips when pressed between the 
same tools. In contrast, the anodized film was not 
readily fractured when pressed between tools of larger 
cross-section; further, when those tools were used for 
pressure welding, bonding was severely restricted. 

Frictional restraint, whilst assisting the modifica- 
tion of surface roughness, rendered oxide dispersal 
more difficult. The effect of the changeover of the 
relative significance of the two factors was seen by 
welding aluminium between step-shaped tools. The 
strip was first indented by the smaller section of the 
tool to cause some break-up of oxide, but its dispersal 
was inhibited when the section of larger diameter 
made contact with the strips. The increased frictional 
restraint that this action simultaneously imposed 
assisted in the attainment of strengths approaching 
the maximum value when the step height was large, 
but was unable to do so for small step heights, since 
oxide dispersal occurring during indentation with the 
smaller part of the tool had been inadequate, and 
further dispersal was inhibited once the larger- 
diameter faces exerted their full influence. 

Modification of surface asperities should be easier 
when joining dissimilar metals than during autogenous 
welding, since the lower strength of the soft component 
should facilitate its flow into the surface cavities of the 
hard. Thus oxide dispersal should be of more signifi- 
cance in determining bond strength, and may be the 
controlling factor even when welding under low res- 
traint with narrow tools. This was deduced to be the 
case when welding copper to aluminium, since the 
degree of bonding was determined by the deformation 
in the harder rather than the softer component, and 
preliminary sliding to disperse the oxide was shown to 
assist subsequent welding by static loading. 

Bonds made between copper and lead, although 
strong when tested in shear, could easily be separated 
by tearing the lead away from the joint. The deforma- 
tion of the copper components was so small that it 
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was unlikely that oxide dispersal had occurred. The 
joint strength was thus due either to bonding of lead 
with copper oxide or to direct mechanical interlocking. 
The difference in strength obtained by testing the bond 
in the two ways described would indicate that inter- 
locking was the more significant factor. 

The importance of these results on the development 
of pressure welding theory is to emphasize that the 
two main requirements, (a) oxide fracture and its 
subsequent dispersal, and (b) modification of surface 
roughness, are independently operative, and that their 
relative significance is determined both by the metals 
to be joined and by the design of deforming tool. Thus 
no theory which lays all emphasis on either factor can 
be expected to give a generally satisfactory indication 
of weldability, but those stressing oxide dispersals* '* 
would be expected to be applicable when wide indent- 
ing tools were used, whilst for narrow tools theories 
stressing surface modification® should be more satis- 
factory. The manner in which increased frictional 
restraint facilitated the initiation of welding when using 
stepped tools was directly opposed to those theories’ * 
which place emphasis on the possibility of partial or 
complete failure by elastic recovery for, as indicated 
earlier, increased restraint would involve a greater 
elastic recovery on release of the welding load and, in 
consequence, a.greater degree of failure in these low- 
ductility bonds would have been expected. 

The effect of sliding after bonding is very much 
dependent upon joint strength. Only welds of maxi- 
mum strength made by heavy static loading were able 
to withstand sliding under low loads without failure. 
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Tests on Welded Connections 


between I-Section Beams and Stanchions 


The general problem of the design of the welded rigid 
connections in multi-storey steel structures is discussed 
with particular reference to frames having I-section 
beams and stanchions. Descriptions are given of fifteen 
tests carried ovt on various types of joints, and their 
behaviour is illustrated by means of graphs showing the 
relationship between the applied moment and deflection 
at certain specified points. Conclusions are drawn from 
these tests and recommendations are made for use in 
design 


Introduction 


OR some years there has been a growing tendency 
for certain architects to design multi-storey 
buildings in which completely uninterrupted floor 
space is required by the clients, who then sometimes 
subdivide these areas by means of very light pre- 
fabricated partitions. Such a specification precludes 
the use of reinforced concrete internally except, per- 
haps, for the floors, and this in turn means that the 
structural designer has to produce a frame which is 
rigid in itself and which does not rely on the panel 
walls for its stability. The design of such a frame ts not 
usually a simple procedure, but even when the main 
members have been determined there remains the 
problem of designing the connections between these 
members 
The ideal connection must satisfy various theoretical 
and practical requirements 


Plastic theory requirements 


(i) The overall stability of the structure requires that the 
joints shall be sensibly rigid up to the limiting moment at 
which a plastic hinge forms. A reasonably high degree of 
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rigidity is also a general requirement for the application 
of the plastic theory. This need not mean that there shall 
be no rotation at all between the members joined but that 
any rotation should not exceed approximately 2 under 
the action of the full plastic moment 

The joint, together with the immediately adjoining por- 
tions of the members, must be capable of plastic hinge 
action. This means that relative rotation between the 
members must be possible at an approximately constant 
moment of resistance. In achieving this, plastic deforma- 
tion might be allowed to occur in the adjoining parts of 
the members, or within the joint proper. In general, 
however, plastic zones, developed within the joint itself, 
would not be sufficiently extensive to produce hinge 
action, hence the joint must be strong enough to with- 
stand a plastic hinge at the end of at least one of the 
members joined. For a beam-to-stanchion connection, 
this usually means that it must be possible for a plastic 
hinge to develop at the end of the beam 

The joint must be capable of transmitting the necessary 
shear forces in the presence of the plastic hinge 


Practical considerations 

The connection must be cheap, simple, and so designed 
that it can be fabricated by normal shop practices and 
accommodate the usual structural tolerances 

Stanchion stiffeners and welds should be kept to a mini- 
mum and should be completely fabricated in the shop 
The connections should be such that, even before welding, 
the frame is held sufficiently rigid for lining and levelling 
to take place and yet not be so complex that they hamper 
the erection of either the main or secondary beams 
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JOHNSON: 


The use of temporary fastenings or clamping devices 
which have to be removed after welding should be 
avoided 


Site welding must be kept to a minimum and it should be 
done mainly in the downhand position 


Experimental Conditions 


The connections tested 
distinct types. 


may be divided into two 
Specimens | to 11 inclusive were 


symmetrical, having a beam attached to each flange of 


the stanchion, whereas specimens 12 to 15 had a beam 
on one flange only. The general arrangement of the 
two types, and the methods of loading, are shown in 
Figs. 16 and 17. The specimens shown in Figs. I-11 
are shown upside down as tested. In an actual struc- 
ture they would of course be reversed. 

Loads were applied hydraulically and were measured 


either directly from the machine or by means of 


pressure capsules. Deflections were recorded on simple 
dial gauges to an accuracy of 0-001 in. All joints were 


coated with whitewash or resin so that the formation of 


plastic hinges and local yielding could be observed. 
Figures 18-21 show the relationship between the 
applied moments and the deflections of the beams, due 
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to bending only, at the point of application of the 
load. The deflections due to shear have been estimated 
and are deducted from the observed total deflections. 

Ideally, there should be no clearance between the 
end of the beam and the face of the stanchion, but in 
practice a gap of 4 in. or even more may be unavoid- 
able. Some of the specimens were therefore fabricated 
with a specified end clearance which was maintained 
by means of shims during welding. For actual site 
conditions, however, shims would be unnecessary 
because both ends of the beam could be securely held 
before being welded to the face of the column; e.g., by 
first welding the bottom flange of the beam to the stool 
cleat. 

All the connections were welded up in a workshop 
but overhead welds were made in such a way as to 
simulate as far as possible actual site conditions. The 
types of electrode used were to BS.1719 classifications 
E.319 and E.217. All the welding was carried out by an 
experienced welder under close supervision. Each 
specimen was carefully examined after structural 
testing and, where necessary, the joint was cut open so 
that the fracture surfaces of the weld could be inspect- 
ed. No serious defects were found in the weld structure 
of any of the specimens described in this report. 


Results of Tests 


SPECIMEN 1 


As the load was increased there was a steady 
increase in deflection, but the stanchion showed 
no sign of local deformation or yielding even at 
the failure load. At a moment of about 135 
tons in. the weld at the extreme tip of one of the 
gussets on the tension side failed and the crack 
spread quickly upwards as far as the middle of 
the web of the 7 x 4 in. beam. This moment 
corresponded to a fibre stress of about 12 tons 
sq.in. in the flange of the joist. 


SPECIMEN 2 


This was an exact reproduction of specimen | 
except that the triangular gussets were omitted. 
Che joint also failed when a crack formed in one 
of the tension flange welds and spread immedi- 
ately across the whole of the flange and about 
2} in. up the web. Unfortunately it was not 
possible to observe the exact position of the 
initial weld fracture. 

Failure occurred at a moment of about 
155 tons in., equivalent to a stress of 13-5 tons 
sq.in. in the flange of the 7 x 4 in. joist. Although 
this ultimate moment was greater than that 
attained by specimen |, the moment/deflection 
curves show that the connection was slightly less 
rigid than the first specimen. But neither of the 
connections were capable of transmitting the full 
plastic moment of the beam. Local deformation 
was not observed at any point in the beams or 
stanchion and there was no evidence of any 
yielding. 
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SPECIMEN 3 


This was an attempt to investigate the beha- 
viour of a connection with a triangular gusset 
plate connecting the tension flange of a beam to 
the face of a stanchion. The compression flange 
rested on a stiffened angle cleat. 

As anticipated, the joint did not transmit a 
very large moment, and a weld fractured in 
tension at a moment corresponding to a flange 
bending stress of approx. 6-5 tons/sq.in. Before 
failure, there were signs of yield in the tension 
side gusset plates but there was no deformation 
or yield at any other part of the joint. The weld 
fracture itself commenced adjacent to the right- 
angled corner and spread outwards along the 
stanchion flange, unlike that in specimen I. 


SPECIMEN 4 


An attempt was made in this specimen to 
produce a site joint that could be completely 
welded in the downhand position. This involved 
the use of a seating cleat projecting beyond the 
flanges of the beam and, on the tension side, 
a }-in. plate which was prepared along one edge 
for a 45° single V butt weld, the other three sides 
being fillet welded to the flange of the beam. The 
bevelled plate was stopped back ¥ in. from the 
stanchion face. 

At a moment of about 350 tons in. the fillet 
welds joining the beams to the seating cleats 
yielded and the compression flanges of the beams 
then butted tightly up to the flange of the stan- 
chion. Further loading caused the stanchion 
flanges to deform locally leading to yielding in 
the web near the root fillet opposite the com- 
pression flange and in the centre opposite the 
tension flange. 

The load was increased until it almost reached 
the value of the full plastic moment of the beam, 
by which time deflections had grown very large 
but no actual weld failure had occurred 


SPECIMEN 5 


The 10x 44 in. beams were first bolted to the 
stool cleats and were then downhand fillet 
welded along the toes of the flanges. Then single 
V butt welds were made between the tension 
flanges of the beams and the face of the stan- 
chion, the clearance of *& in. being allowed to 
facilitate welding. This type of weld preparation 
when applied to a joist with tapered flanges does 
not give a uniform root face—an obvious dis- 
advantage—and it is difficult to obtain a satis- 
factory first run of weld metal. For this particular 
specimen, no sealing runs were made to the 
under side of the butt welds, and during the test 
one of the welds cracked suddenly at the bottom 
of the V at a flange stress of about 11 tons/sq.in. 

Before failure, the joint behaved in a way that 
compared favourably with specimen 4, but the 
quite unpredicted cracking of the weld allowed 
no real indication of the true strength of the 
joint to be obtained. 
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ie SPECIMEN 6 
| This was the same as specimen 2 except for the 
Compression increase in size of the flange fillet welds from 
a - #; in. to } in. The two main effects of this increase 
in weld size were to produce a more rigid moment 
deflection characteristic and to enable the joint 
7°x4°x 16 RSJ. to transmit the theoretical full plastic moment of 
the beam; this was accompanied by appreciable 
deflection in the later stages. 

Local deformation in the flanges of the stan- 
chion took place, and there was also evidence of 
Tension both yielding and buckling in the web opposite 

| | the compression flanges of the beams. At a 

moment slightly greater than the theoretical full 
6—Specimen 6 plastic value one of the tension flange welds failed 
in exactly the same way as specimen 2. 


'j, flange fillets 





5, web fillets 
4|5°x 4$°x 20 
E RSJ 


\acecceeaeeeeea aac aseas 





v 

















SPECIMENS 7 and 8 
4, flange fillets C , These two connections were identical except 
—— for the web reinforcement of specimen 8. The 
er — —4 throat areas of the flange welds were approxi- 
a 7 x7°x%34 mately equal to the corresponding areas of the 

7, web fillets | BFB 9°x 4x 21 adjacent flanges and webs. 
| RSJ Specimen 8 exhibited moment/deflection 
ig characteristics far superior to those obtained 
from specimen 7, especially at the higher mo- 
cn ments. The stanchion showed no visible signs of 
Tension distress at any stage during the test and there 
| was no weld failure at any part of the joint. 
=. Plastic hinges developed in each beam adjacent 
to the stanchion flange and these gave rise to 
large deflections at a more or less constant 
moment. Specimen 7, on the other hand, did not 
\e sustain a sufficiently high moment to develop 
/, stiffeners ) plastic hinges in the beams, although the ulti- 
4e fillets 3; flange fillets mate moment almost reached the theoretical full 
plastic value. Yield in the web of the stanchion, 
Compression in an area between the tension flanges of the 
beams, commenced when the stress in the flanges 
— reached about 9 tons/sq.in. From that point, 
9x4x2l local flange buckling of the stanchion developed 
RSJ until a tension flange weld failed at a moment of 
about 315 tons in. It was significant that this 
weld fracture commenced in the inner tension 
flange fillet weld adjacent to the root fillet, the 
crack spreading outwards to the toes of the 
flanges and then very quickly across the outer 
fillet weld. This particular form of weld failure 
was Observed in a number of subsequent tests, 
and usually occurred when the stanchion was not 
stiffened or when the weld was stopped at the 
root fillet instead of being continued down the 

| web of the beam. 
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between the compression flanges at a moment of 
300 tons in. Further loading produced little 
deformation in the joint, but at a moment of 
460 tons in. one pair of inner tension flange 
welds fractured near the root fillet and the cracks 
spread immediately to the toes of the beam. 
These cracks, however, did not spread to the 
outer 4 in. fillet weld until the moment was 
increased to 500 tons in. This moment ts greater 
than the theoretical full plastic value for a 
10= 44 in. joist but it was not reached until 
appreciable deformation had taken place (Fig. 
20) 


SPECIMEN 10 


This was a simple modification of specimen 8, 
the stiffeners being reduced in width to 2 in. and 
they were not welded to the web of the stanchion. 
Again, a good moment/deflection relationship 
was obtained, the theoretical full plastic moment 
being easily exceeded, with all welds remaining 
intact throughout the test. In the working range, 
however, specimen 8 appeared to be the more 
rigid of the two connections although the actual 
difference was very slight. It must be remem- 
bered, of course, that stiffeners not connected to 
the stanchion web are unsuitable for beams with 
unequal end moments because they cannot 
transfer the out-of-balance forces from the 
beams to the stanchion 


SPECIMEN 11 


This also was a practical type of joint, basic- 
ally similar to specimen 9 but with the addition 
of stanchion flange stiffeners clear of the web, as 
in specimen 10 

These modifications resulted in a considerable 
increase in the rigidity of the joint (Fig. 20). In 
the working range, the connection behaved al- 
most ideally, the full plastic moment being 
reached with a deflection of only 0-4 in. As the 
load was increased still further, there were signs 
that plastic hinges were forming, and the 
deflections increased more rapidly until a 
moment of 510 tons in. was reached, when the 
inner tension flange welds again failed adjacent 
to the root fillets. Unlike specimen 9, however, 
the cracks quickly spread to the § in. downhand 
fillet weld without any further increase in the 
applied load 


SPECIMEN 12 


The stanchion web of this one-sided connec- 
tion was stiffened like that of specimen 8. The 
stool cleat was drilled to suit site erection con- 
ditions and the joint was made by means of 
fillet welds to both flanges. The end clearance 
was maintained at yy in. and the web of the 
beam was not welded to the stanchion, it being 
assumed that the shear force was adequately 
taken by the stool cleat. 

At a moment of 280 tons in., the stanchion 
web between the stiffeners commenced to yield, 
and by the time 340 tons in. had been reached, 
the whole of this area showed evidence of yield 


i,” _—— —T" 
/, stiffeners a 
" 7x7 x34 
¥5 fillets Ye flange fillets x7 x3 


‘ 


Compression 
willl Mietaiietien 
{—— 

F9Ox4x2l | 

F RSJ ¢ 


Vy 


| Tension 
Lid ; 
y, web fillets | | 


10-—Specimen 10 


eeerurreryreuererertr) Sm 


=" 
: Sanit 





4x4 " angle 5), long 
i" fillets 
2 xl, stiffeners ls 
! 
We = a . 
g fillets 34 bolts in Fp holes 


| 
} = 
—— | | - Ne Gap 
| + j ic gs: 10x42 x25 


Comp 








(ie, ga 
10* 8x55 CASTOR 
PE Rsu 








, downhand fillet 
11—Specimen 1! 


), stiffeners notched %)° fillets fT 1] 3, overhead fillet 


to clear fillets: 7, 
4, fillets 





Tension 





1O"x 44x 25 RSJ) 
) 


Hie,» 
he clearance shim 











7°x 7% 34 


BFR Compression 


= . wa . 
4°x4°x Langle 5$" long 1 <i bolts #6 
\, fillets |] IN {ig holes 


aad ‘ eC e 12 
12 Specimen | 























12b 


, stiffeners notched 
to clear fillets 


, fillets 
_ Others 


a ane 
‘Wa 


Set 








Spec unen 12 


JOHNSON: TESTS ON WELDED CONNECTIONS 


Siew 
we: 


to web 


- 
4 throat 


= 


4 


5 


4 
4 


4°x4°xS angle 5 long 


', fillets 


4, stiffeners notched 
to clear fillets 
1, fillets 











Seal 
‘a 


. plates : 3 


lg fillets 


” 7 _ ci" 
4°x4'x5 angle 5; 


\), fillets 


after testing 


ie tillet 


_ Tension 


Lg Clearance shim 


10°x4$'x25 RSJ} 


ee 


4 Conpeomlan 
2 bolts 56 


U3 2+ = in "ned holes 


l3a 


'eree— 


gg mee 
'8°x 6x 35 


RSJ. 


A eas “ane 
moe ‘ 
| 
Et 
; 


iong + 


14 Specimen l4 


Specimen 13 


5 fillet 
Bes fillet 


Y , clearance shim 


(0x 45x25 RSJ 


| 
ee Gar 
iv 


2 bolts 36 








22. in 4@ holes 


Tension 


13b—Specimen 13 after testing 


Further increase in load resulted in considerable 
deformation in that part of the stanchion con- 
tained by the stiffeners (Fig. 125). Elsewhere there 
was no evidence of yield, local deformation or 
weld failure even when the moment was in- 
creased to 490 tons in. 


SPECIMEN 13 

Because of the very unsatisfactory behaviour 
of specimen 12, the stiffeners were modified as 
shown in Figs. 13a and 13, the actual beam-to- 
stanchion connection remaining unaltered. A 
very considerable increase in stiffness resulted 
from this change and there was no sign of yield 
at any point in the stanchion during the test. The 
moment/deflection relationship remained almost 
linear until the full plastic moment was reached, 
whereupon a hinge developed in the beam and 
deflections increased more rapidly. At a moment 
of about 530 tons in. the test had to be dis- 
continued because of these very large deflections, 
but all the welds remained intact. 


SPECIMENS 14 and 15 


One disadvantage of stiffeners is that they tend 
to complicate the erection of any secondary 
beams that frame into the web of the stanchion. 
Specimens 14 and 15 were attempts to overcome 
this difficulty by covering the stiffeners with } in. 
plates welded to the toes of the flanges of the 
stanchion and also to the edges of the stiffeners. 
The arrangement of the stiffeners was identical 
with that for specimen 12 but the thickness and 
weld sizes were reduced. Specimen 14 had the 
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same type of beam-to-stanchion face connection 
as specimens 12 and 13, but specimen 15 had, in 
addition, a fillet weld down each side of the web 
of the beam. This was introduced primarily to 
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(c) Most of the welding is either downhand or vertical 
(d) The design uses normal structural tolerances 


(e) The joint will transmit a moment appreciably greater than 
the theoretical full plastic value of the beam 


Since the end shear force is taken by the web welds 
the connection could in fact be improved by reducing 
the size of the stool cleat and thus decreasing the 
amount of shop welding. 


Loading Applied 
frame load 
4-6 
Tension 
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Stanchion flanges without stiffeners Method of loading 


The tests show that it is most unwise to use an specimens 12-15 
unstiffened stanchion, because the flexibility of the 
flanges results in stress concentrations in the beam-to- Loading 
stanchion flange connection. This fact has been widely wary 
Base plate 








known for some time but it is perhaps not always frame 
realized that the weld failure itself usually starts in the 
corner near the root fillet of the tension flange of the 
beam. Even with stiffeners, this tendency still exists but 
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to a much lesser degree and it does not occur until 
much higher moments have been reached. It is there- 
fore desirable to obviate this danger, to some extent at 
least, by having a continuous fillet weld round the 
entire profile of the beam, particular care being taken 
with the quality of the weld near the root fillets of the 
tension flange. 


Stanchion flanges with stiffeners 
One-sided connections (specimens 12-15) 


In these connections large shear forces have to be 
transmitted to the stanchion, and it is clear from the 
test on specimen 12 that the normal type of horizontal 
stiffener will seldom give satisfactory results. It leads 
to overstressing in the area of the web between the 
stiffeners, and appreciable deformation can take place 
long before the full plastic moment is attained. 
Specimens 13 and 15 are suitable alternatives, and are 
recommended although they are more costly to pro- 
duce. 


Double-sided connections (specimens 1-11) 


The requirements of these types of connection are 
somewhat simpler, because only the out-of-balance 
moment has to be transmitted to the stanchion. The 
horizontal stiffener is therefore generally adequate; for 
nearly equal loads the stiffeners need not even be 


welded to the web of the stanchion. There remains, of 


course, the very real problem of accommodating 
secondary beams framing into the web of the stan- 
chion, and it is quite likely that side plates, as used in 
specimens 14 and 15, will have to be used for purely 
practical considerations in addition to the normal type 
of stiffener. Unfortunately, sufficient evidence is not 
yet available to enable minimum stiffener and weld 
sizes to be specified, but further work is being done on 
this problem. At present it can be stated that the 
stiffeners should not be larger than the beam flanges 
and that the welds to the compression stiffeners need 
not be as big as those for the tension stiffeners. The 
stiffeners themselves must be accurately shaped to the 
correct profile of the stanchion but they do not need to 
be a driving fit because the contraction due to welding 


is usually sufficient to ensure tightness. Pre-stressing of 


the stanchion web and stiffeners is undoubtedly pro- 
duced by this welding, but the magnitude of the 
stresses must be very variable, for it depends on the 
relative size of the various components, the initial 
degree of fit of the stiffeners, and the sizes of the welds. 


Summary and Recommendations for Design 


These tests were of a somewhat random nature but 
they have given results which lead to the following 
recommendations for the design of fully rigid beam- 
to-stanchion connections: 


(1) It is essential to provide some form of stiffening 
between the flanges of the stanchions. 


(2) If the beams on both flanges of a connection are 
equal in size, and have invariable identical end 
moments, it is unnecessary to weld the horizontal 
type of stiffener to the web of the stanchion. 

(3) For a joint with a beam on one flange only, the 
use of horizontal stiffeners opposite the flanges of the 
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22—Typical weld failure 


beam will be unsatisfactory unless the stanchion 
web is capable of sustaining very high shear forces. 
(4) In every specimen with stiffeners, all the welds 
fastening the stiffeners to the stanchions remained 
intact throughout the tests. It seems, therefore, that 
smaller welds would be just as satisfactory, especi- 
ally for compression stiffeners where some of the 
load can be taken in direct bearing. 

(5) The beam-to-stanchion flange connection should 
be capable of transmitting the full plastic moment 
of the beam if the throat area of the weld is made 
equal to the corresponding cross-sectional area of 
the beam, due allowance being made, of course, for 
any clearance between the end of the beam and the 
face of the stanchion. 

(6) Every weld failure began near the tension flange 
of the beam, and it was significant that the initial 
crack almost invariably started near the root fillet. 
It is important, therefore, to design the tension 
flange welds to develop the full strength of the flange 
and also to continue these welds down the web to 
avoid any discontinuity adjacent to the root fillet. 


(7) Every weld failure occurred in a plane inclined 
at about 20° to the direction of the principal forces, 
compared with the 45° which is normally assumed in 
practice (Fig. 22). It is thought that this factor may 
have some significance, especially when dealing 
with the larger weld sizes where it would perhaps be 
advantageous to use fillet welds having unequal leg 
lengths. But further work will have to be undertaken 
before definite recommendations can be made. 
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MEETINGS 


Meeting on ‘Hydrogen in Weld Metal’ 


The Joint Meeting with the Iron and Steel 
Institute was held at the offices of the 
Institution of Naval Architects on Wednes- 
day, 10th December 

Mr. William Barr presided, and there was 
an attendance of over 76 to discuss six 
papers, four presented by Mr. P. D. Blake, 
and two by Dr. Christensen 

The discussion was opened by Dr. Hoar 
of the University of Cambridge, and it was 
extremely well maintained at a high level 
for over three hours 


Spring Meeting, 1959 


For the first time, the Spring Meeting of 
the Institute will be held in London, and 
will coincide with the Engineering, Marine, 
Welding, and Nuclear Energy Exhibition at 
Olympia 

The meeting will open with a reception at 
the Institute on the evening of Monday, 
20th April. There will be a choice of Works 
Visits on Tuesday, 21st and Thursday, 23rd 
April. All but one of these visits will occupy 
the morning only, so as to allow members to 
go to the Exhibition in the afternoon and 
evening if they wish to do so 

On the mornings of Wednesday and 
Friday, 22nd and 24th April, there will be 
discussion meetings at the Institute, when 
the four papers on the Low-Temperature 
Properties of Aluminium Alloys (published 
in the November 1958 issue of the Journal) 
will be presented and discussed, as well as a 
group of five papers bearing on the general 
theme of the Economics of Welding, espe- 
cially in the structural field 

On the Wednesday evening, members 
attending the Spring Meeting will be able to 
go to the London Branches Joint Dinner at 
the Connaught Rooms 

The following firms have already agreed 
to receive works visits. Parties will travel by 
coach from the Institute: 

A.P.V. Company Ltd. 

British Oxygen Gases Ltd. 

Dawnays Ltd 

Ford Motor Co. Ltd 

G. A. Harvey & Co. (London) Ltd 


Other Societies 


INSTITUTE ACTIVITIES 


Geo. W. King Ltd 

Vickers-Armstrongs Ltd. 

British Oxygen Research & Development 
Ltd 


School of Welding Technology 


The following are the courses which have 
been arranged for the first part of 1959 
There are still some vacancies, but places 
are now being rapidly filled, and immediate 
application is advised 


12th-16th Jan. Training, Testing, and 


Approval of Welders 


%th-13th Feb. Brazing Technology and 


Design 
23rd—25th Feb. Welded Storage 
2nd-4th March Metal Spraying 


Tanks 


At the Annual Dinner 


The President, Mr. John Strong 
(right), talks with the 
Parliamentary Secretary 

to the Ministry of Supply, 

Mr. W. J. Taylor (left), 

and Mr. T. Potts. 





16th- 20th 
March 


Welding Design and Con- 
struction in Corrosion- 
and Heat-Resisting Mat- 
erials 


Gift of Projection Screen 


The South London Branch has given the 
Institute for its Lecture Hall a projection 
screen for use at lectures and courses in the 
School of Welding Technology. The Coun- 
cil has recorded its gratitude for this gift 


Sir Charles Lillicrap 


The Council of the Institute has confer:ed 
a Fellowship upon Sir Charles Lillicrap, 
K.C.B., M.B.E., D.Sc., in recognition of his 
distinguished services to welding and the 
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Institute. Sir Charles, formerly Director of 
Naval Construction, has for some years 
been President of both the Institute and the 
British Welding Research Association 


Appointments 


With the revised make-up of the News 
Section into three columns it has been 
decided to revise the charges made for 
advertisements relating to situations vacant 
and required 

The new arrangements are shown at the 
end of the News Section, and will be 
repeated each month 





PUBLICATIONS 


Index 


The combined subject and name index, 
and preliminary matter, for volume 5 of the 
British Welding Journal, covering the twelve 
issues from January to December 1958, is 
distributed with this issue. Additional 
copies, if needed, may be had on applica- 
tion to the Secretary, Institute of Welding, 
54 Princes Gate, London S.W.7 


Binding of Journal 


Many members probably make their own 
arrangements for binding copies of the 
Journal, and the Institute has yet made no 
provision for binding volumes in bulk. If 
there is sufficient demand, however, the 
Institute would provide a service whereby 
numbers of sets of copies could be bound at 
one time at an economic price (probably 
between 10s. and 20s. including postage) 

Requests for this service should be 
addressed to the Secretary, but no Journals 
should be sent. When sufficient enquiries 
have been received there will be a notifica- 
tion of when and to where the copies are to 
be sent. This will ensure the minimum 
period during which the copies are not 
available for reference 





NEWS OF MEMBERS 


Mr. William Barr, O.B.E., has been nomin- 
ated by the Council of the Iron and Steel 
Institute for election as President of that 
Society for the 1959-60 session. He will take 
office at the Annual General Meeting of the 
Institute on 6th May 1959 

Mr. Barr, who has been Honorary 
Treasurer of the Iron and Steel Institute 
since 1953, has been a member of the 
Research Board of the British Welding 
Research Association for a number of 
years. He has also served on many welding 
committees and on Commissions of the 
International Institute of Welding 


L. Redshaw, a Director and Shipbuilding 
General Manager of Vickers-Armstrongs 
(Shipbuilding) Ltd., has been elected 
Chairman of the Conference and Works 
Board of the Shipbuilding Employers’ 
Federation 


The Council regret to record the death of 
Mr. Gordon G. Musted, one of the best 
known figures among the British pioneers 
of welding, who was killed in a motor car 
accident on Ist December 

Mr. Musted joined the Institute in 1931, 


when he was in charge of the Engineering 
and Welding Section of the Government 
Traiming Centre in Garrison Lane, Birming- 
ham; but his welding experience went back 
long before then, on the Mersey Shipyards. 
For many years he was employed by Quasi- 
Arc Ltd. as an instructor, and when he 
retired about five years ago he set up as a 
private consultant. 

He had a natural gift for putting his wide 
and varied knowledge of practical welding 
problems into simple and effective form to 


students, and his attractive personality 
made him one of the best-loved lecturers all 
over the country. He was the author of 
several prize-winning papers in the com- 
petitions sponsored by the James F. Lincoln 
Welding Foundation, and only in Novem- 
ber last he completed a paper for the Inter- 
national Institute of Welding Assembly in 
Yugoslavia. 

Mr. Musted was married, and his son, 
Mr. George Musted, joined the Institute in 
1944 





BRANCH NEWS. 


Welded pipework 


At the meeting held on 15th October at 
the Welbeck Hotel, the retiring President, 
Wing Commander J. M. Aiton, presented 
the Presidential Insignia to his successor, 
Mr. H. L. Palmer. 

The lecturer for the evening, Mr. W. L. 
Roe, is a Branch member, who has served 
on the Committee for several years and is 
also a past Chairman. His subject was 
Welding of High-Temperature and High- 
Pressure Pipework. 

Mr. Roe gave details of the types of steel 
normally used for these applications, to- 
gether with recommendations for the limits 
of service temperatures. Numerous slides 
were shown of weld preparations for butt, 
branch, and flange connections, and par- 
ticular emphasis was given to the impor- 
tance of correct preparation and set-up. 
Mr. Roe stressed the vital importance of 
adhering to the specified dimensions for 
root faces and root gaps if the first runs 
were to be of high quality. He recom- 
mended that neck flanges should be used 
for all alloy steel piping because of the un- 
satisfactory experience in service with 
welded-on slab-type flanges. 

It was stated that alloy steels should be 
welded by the metal-arc process, for this 
provided a greater degree of consistency in 
the weld metal properties than other pro- 
cesses. Where the fluid to be carried was 
likely to cause stress corrosion it was im- 
portant that both alloy steel and mild steel 
welds should be suitably heat-treated. 

The lecturer introduced a useful service 
to those attending by the distribution of 
sheets giving references and comprehensive 
details of pre- and post-welding heat- 
treatments K.H.E 


Arc welding processes 


Members had taken to heart the atten- 
dance appeal of the Chairman, and turned 
up in force to hear Mr. E. Flintham, who 
opened the first meeting of the 1958/59 
session with an outstanding practical paper 
on The Selection and Use of Arc Welding 
Processes 

Mr. Flintham referred to several signifi- 
cant developments in the production of 
manual electrodes, and gave some valuable 
comparisons between the low-hydrogen and 
iron powder electrodes and the more con- 
ventional types. It seemed evident that 


Reports of Meetings 


these highly economic electrodes were not 
being applied in industry as rapidly as they 
should be. 
The lecturer gave concise descriptions of 
the two major automatic welding processes 
open-arc and submerged-arc—and des- 
cribed many of the special applications 
that have been evolved from them. He 
referred in particular to the increasing need 
in the shipyards for the rapid deposition of 
double fillet welds for attaching stiffeners 
to hull assemblies. This had led to the 
development of large gantry-type travelling 
machines carrying automatic welding heads. 
Mr. Flintham drew attention to develop- 
ments in the inert-gas shielded-arc processes 
and described some examples of their use 
in the welding of aluminium alloys. He also 
referred to welding processes for joining 
stainless steels and for reclaiming eroded 
bronze propellers, and outlined the prob- 
able advantages of the newer CO, shielded 
process for welding structural work. 
During the lively discussion Mr. Flintham 
replied to many interesting questions, par- 
ticularly in relation to iron powder elec- 
trodes, and the relative amount of auto- 
matic welding being used in Britain. H.R.c. 


Sheffield 


Repairs to castings 


A meeting was held on Monday 10th 
November, when an interesting lecture, 
followed by a lengthy discussion, was given 
on the Gussolite Process of Repairs to Iron 
Castings, by Mr. D. H. Jones. There were 
approximately 40 people in attendance. J.s.w. 


Brittle fracture 


A meeting was held at Headquarters on 
13th November when 46 members and 
visitors attended to hear Dr. W. D. Biggs 
lecture on Welding and Brittle Fracture 
After examining the historical evidence the 
author indicated that brittle fracture always 
occurs at high velocity with low ductility, 
usually at low temperatures and often out- 
side the welds. The fractures frequently do 
not follow the welds, but run through the 
parent metal instead. It has been found that 
killed steels are superior to semi-killed or 
rimming steels because they are less fracture 
sensitive. He considered that residual weld- 
ing stresses were unimportant unless they 
were associated with defects on the surface 
of the plate or within the welds or resulted 
from design faults. 
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sections. He showed how these are made 
good and safe for further service, thus pre- 
venting bottle-necks in production, and 
thereby increasing productivity at lower 
cost by the use of practical welding appli- 
cations such as oxy-acetylene welding and 
cutting, metal-arc welding, and the carbon- 


arc process L.M 


South Western 


Tubular structures 

4 lecture on Welding of Tubular Struc- 
fures Was given by Mr. G. B. Godfrey at the 
meeting held at Radiant House, Bristol, on 
4th November 

Mr. Godfrey illustrated his remarks with 
some excellent slides showing recent struc- 
tures, both in this country and abroad, and 
commented on the great advances made on 
the Continent in the field of tubular con- 
struction. This meeting attracted a high 
proportion of visitors, especially from the 
constructional engineering industry 
Resistance welding 

A second meeting in November, on 19th, 
was also held at Radiant House, when Mr 
McDowell and Mr. Weeks, both members 
of the Branch, jointly presented a paper on 
Practical Aspects of Resistance Welding 
They dealt most thoroughly with their sub- 
ject, and it was interesting to note that the 
metallurgical side of the materials con- 
sidered was a most importan’ factor in 
This was particularly 
evident in the aircraft industry, which is 
well represented in the Bristol area. A vote 
of thanks to the authors for an extremely 
interesting paper was given by Dr. Cottrell 
of the Bristol Aircraft Co G.R.1 


Wolverhampton 


Reactor vessel supports 

At the meeting on 12th November, Mr 
J. A. Forrest presented a most interesting 
paper on Welding and Testing of Skirt 
Supports for Spherical Pressure Vessels. He 
opened his paper by outlining the functional 
differences between the skirt support for the 
Dounreay sphere and that for the reactor 
pressure vessel at present under construc- 
tion at Hunterston. At Dounreay the plate 
thickness of the 135 ft dia. vessel varied 
between | and 1{ in., the total weight trans- 
mitted to the skirt support being 8000 tons 
The Hunterston vessel is 70 ft dia., the 
plate thickness 2{ in., and the overall weight 
5500 tons. Windloads were an important 
consideration at Dounreay, but at Hunter- 
ston stresses from differential thermal ex- 
pansion were more important 

The advantages claimed for a skirt sup- 
port system are continuity, flexibility, and 
stability, but Mr. Forrest mentioned that 
alternatives had been considered, such as 
suspending the entire vessel from above. 
To check the practicability of fabricating 
the skirt-to-vessel connection, two full-size 
mock-ups were constructed in the works to 
represent a 5-ft length of this joint. A 
forged connection had been considered, but 
was ruled out on the grounds that this type 
of forging would be difficult to make and 
its quality could not be guaranteed. All the 
root runs of the welds were made with 6 
and 4 s.w.g. electrodes, and 10 and 8 s.w.g. 
sizes were used solely for producing the 
correct profile to the finished welds. Over- 


using the process 
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head welding was avoided by turning over 
the entire fabrication after the completion 
of the outer skirt weld. One of the sub- 
sidiary objectives on the first mock-up was 
to compare the effectiveness of various 
systems of non-destructive testing, and the 
following methods were used 


1. Radiographic examination, using 400 
kV X-ray, and 320 and 1000 curie 
cobalt-60 gamma-ray sources. 

2. Magnetic crack detection 

3. Ultrasonic examination 


A sensitivity of 14°, was required; i.e., a 
defect of 0-045 in. should be discernible 
The best radiographic results were obtained 
with a triple-film lead screen technique, 
with an exposure time of 55 min. at 390 kV. 
In some places the combined metal thick- 
ness amounted to 5} in. The ultrasonic 
method involved the solution of a number 
of problems, among them the provision of a 
permanent record showing the exact posi- 
tion and size of the faults. The lecturer 
described an interesting mechanical/photo- 
graphic method adopted for this purpose 

Mr. Forrest concluded his paper with a 
short description of the second mock-up, 
in which special arrangements were made 
to control the distortion and alignment of 
the inner and outer skirts. Direct current 
welding rectifiers were used in making this 
mock-up in preference to a.c 

An interesting discussion was opened by 
Mr. S. H. Griffiths, and the author replied 
to the various questions as follows: Radia- 
tion monitoring had shown that effective 
protection to personnel 5 ft away was given 
by lead cones and lead-backed cassettes 
Direct welding current was preferred for 
site work, owing to the reduction in start- 
of-weld porosity, and no difficulties had 
been encountered with arc blow. Stress 
relief of the joint between the skirt and the 
vessel was to be done electrically using 
Nimonic tape absorbing 560 kW. No resi- 
dual stresses were expected to remain after 
stress relieving the vessel, but small stresses 
might still remain after heat-treatment of 
the diagrid frame. 

Before the meeting closed, Mr. Jukes pro- 
posed a vote of thanks to Mr. Forrest for 
dealing in such detail with a vital matter 
that was so often glossed over. He expressed 
the view that this new approach to the fab- 
rication of supporting skirts had been very 
much appreciated by all those who had 
come to hear this most interesting paper 

B.K.B. 





CONTRIBUTORS TO THE 
JOURNAL 


J. A. Donelan, A.M.Inst.W., is a member 
of the senior scientific staff of the Research 
Laboratories of the General Electric Co 
Ltd. at Wembley. After receiving his tech- 
nical education at the Willesden and the 
Regent Street Polytechnics, he joined the 
Company in 1939, and is now engaged on 
the development of welding processes and 
techniques. Mr. Donelan is a member of 
welding committees of the British Standards 
Institution and of the Electrical Research 
Association. 


E. Holmes, M.A., Ph.D., a Lecturer in 
the Department of Metallurgy at Notting- 
ham University, graduated from Cambridge 
University in 1947 with a Bachelor’s degree, 
and gained his M.A. in 1957. He joined the 
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J. A. Donelan 


Witton Works of LC.I. in 1948, and was 
there concerned mainly with problems as- 
sociated with the joining of non-ferrous 
alloys 

In 1952 Dr. Holmes became a senior 
member of the ply-metals research team in 
the University of Birmingham Department 
of Industrial Metallurgy, his work there 
resulting in the conferment of a Ph.D 
degree. He took up his present appointment 
in 1955, his main interests being in the field 
of pressure welding and the non-destructive 
testing of welds 


L. G. Johnson, M.A., A.M.1.Struct.E., 
General Manager of the Skeleton Steel Co 
Ltd., Stratford-on-Avon. He was educated 
at Blackpool Grammar School and at 
Emmanuel College, Cambridge, where he 
took Part 2 of the Mechanical Sciences 
tripos in 1947. After a brief period with 
S. & C. Walmsley of Aintree, Mr. Johnson 
joined the Bridge and Constructional 
Department of Dorman, Long & Co. Ltd 
in Middlesbrough 

In 1953 he was appointed chief draughts- 
man of Sidney Raines Ltd., constructional 
engineers of Wakefield, and two years later 
he became senior assistant in research at 
the Department of Engineering of Cam- 


E. Holmes 


L. G. Johnson 


bridge University. He was promoted to 
Assistant Director of Research in 1957, but 
resigned a year later to take up his present 
appointment 


D. R. Jackson, A.I.M., Assistant Metal- 
lurgist with the British Aluminium Co. Ltd., 
was born in 1929. He first joined the Com- 
pany in 1945, and worked in various depart- 
ments of the Research Laboratories, in- 
cluding the experimental foundry, structural 
engineering, and the physics laboratories 

During his period of National Service, 
from 1947 to 1949, Mr. Jackson was a 
radar mechanic in the Royal Air Force. He 
took up his present position in the Experi- 
mental Department of the Latchford Locks 
Works of the Company in 1957, and is now 
engaged on general quality control, and 
extrusion and casting problems associated 
with aluminium. After attending part-time 
courses at the Battersea Polytechnic, Mr 
Jackson qualified by examination for 
Associateship of the Institution of Metal- 
lurgists in 1955 


D. James, M.A., in charge of technical 
development at Tube Investments Ltd. and 
with Reynolds T.1. Aluminium Ltd 


D. James 


J. Sawkill 


After obtaining his degree at Cambridge 
University, Mr. James served an apprentice- 
ship with the Aluminum Company of 
America. He was then transferred to the 
Northern Aluminium Co. in London, where 
he was engaged in sales engineering for some 
years. Mr. James joined Baker Platinum 
Ltd. in 1937, and during the war years, 
apart from general administrative duties, 
he was responsible for research in the pro- 
duction of sintered platinum alloys to meet 
Ministry of Aircraft needs. He took up his 
present appointment in 1954 


J. Sawkill, Ph.D., Head of the Metal- 
lurgy Section at the Tube Investments 
Research Laboratories, Hinxton Hall, 
Cambridge. He was educated at West 
Hartlepool Grammar School and at King’s 
College, Newcastle-on-Tyne, where he was 
awarded his degree in 1951 

Dr. Sawkill then spent two years in the 
post-graduate school of Physical Metal- 
lurgy at Sheffield University and a further 
two years in the Research Laboratory for 
the Physics and Chemistry of Surfaces at 
Cambridge University. He took up his 
present appointment in 1955 





INTERNATIONAL INSTITUTE 
OF WELDING 


The Annual Assembly of the ITW for 1959 
will be held at Opatija, Yugoslavia, by invi- 
tation of the Yugoslavian Delegation. The 
meeting will commence on 27th June and 
will continue to 4th July 


The programme follows the usual pat- 
tern, a meeting of the Executive Council 
being held on the first day, with a meeting 
of the Governing Council on the following 
day. The Public Session for the reading of 
papers on ‘Welding and Allied Processes 
(Gas Cutting, Building-up, Bronze Welding, 
Surface Hardening, Metal Spraying) in 
Maintenance and Repair Work’ will be held 
on Monday 29th June 


The meetings of Commissions will occupy 
the four following days, and the closing 
meeting of the Governing Council and 
Executive Council will be held on Saturday 
4th July. As usual, a number of tours ts to 
be arranged for the following week 

Notices of the Programme will be sent to 
members of the British Delegation early in 
1959 


NEWS FROM INDUSTRY 


Instrumentation and computation 


4 Joint Symposium on /nstrumentation 
and Computation in Process Development 
and Plant Design, organized by The Institu- 
tion of Chemical Engineers, the Society of 
Instrument Technology, and The British 
Computor Society, under the aegis of the 
British Conference on Automation and 
Computation, is to be held in London on 
1ith-13th May 1959 

\ preliminary programme and further 
details may be obtained from: The General 
Secretary, The Institution of Chemical 
Engineers, 16 Belgrave Square, London, 
S.W.1 


Welding exhibition 


The Engineering, Marine, Welding, and 


Nuclear Energy Exhibition, traditionally 
held in the autumn in alternate years, has 
this time been rearranged to open in the 
spring of 1959, from 16th to 30th April 

Members of the Institute will know that 
the annual Spring Meeting has been 
arranged to coincide partly with the period 
of the Exhibition 


There will be more than 1000 categories 
of engineering products and plant on show, 
and the exhibits will occupy the three 
Olympia halls 

Brief information on the welding exhibits 
will be given in later issues of the Journal 
Detailed information on the Exhibition as 
a whole should be obtained from the Or- 
ganizers, F. W. Bridges & Sons Ltd., 
Grand Buildings, Trafalgar Square, Lon- 
don, W.C.2 


Welding information centre 


An information centre has been estab- 
lished by the American Welding Society, 
in New York City, U.S.A., for the dis- 
semination of welding news and informa- 
tion. The centre will act as an authoritative 
source for information relating to the weld- 
in industry, except for products, equipment, 
and personnel, which are regarded as com- 
pany matters 


New general purpose electrode 
A new electrode in the Rockweld range 
for welding mild steel, the VI17, can be 











used for a variety of applications. Its 
characteristics are stated to compare 
favourably with the more specific types, and 
in some instances its qualities are superior 

The V117 is easy to use in any position, 
and it has excellent slag control. It deposits 
as well in the overhead position as in the 
vertical, and easy slag removal from deep 
grooves is an important feature. The elec- 
trode has received the approval of the 
Ministry of Transport, and of Lloyd's 
Register of Shipping, and it conforms to 
the requirements of various British Stan- 
dards concerned with the welding of mild 
and medium high-tensile steels 


Electron-beam welding 

Equipment for development and research 
into electron-beam welding is now being 
made in Britain by Edwards High Vacuum 
Ltd., under licence to British Patent Appli- 
cation 1962/57 

This technique for welding reactive metals 
has been developed at the Commissariat a 
Energie Atomique, Saclay, France, and 
was described in a paper by J. A. Stohr and 
J. Briola presented to the Vienna Assembly 
of the I[W in 1958 

The apparatus will be on show at the 
Company's stand at the 43rd Annual 
Exhibition of the Physical Society, from 
19th to 22nd January 


Double ended flash butt welder 


A fully automatic double ended flash butt 
welding machine, designed for application 
to workpieces comprising three compon- 
ents, and where the main part has a smaller 
part joined at each end, has been recently 
introduced by A.I. Electric Welding 
Machines Ltd 

A typical application is the welding of 
tractor links, where forged link eye bars are 
simultaneously welded to each end of a 
central link produced from bar stock. The 
machine has a central fixed hydrauiic clamp 


and two transverse sliding heads to provide 
the clamping and upsetting pressure. There 
is an automatic preheating system, and the 
main controls are operated by push buttons. 
At the completion of welding all the clamps 
release and the sliding units return auto- 
matically to the loading position 


Portable welding transformer 

There are many inherent advantages in a 
relatively lightweight power source for a.c 
welding in the medium current range. Many 
of them appear to be provided in a new 
transformer recently put on the market by 
Portable Welders Ltd 

The new Fararc 200 is a fan-cooled 


NEWS AND ANNOUNCEMENTS 


toroidal transformer, weighing 70 Ib and 
measuring 14 in. cube. The output can be 
varied, with 36 current settings, between 60 
and 230 amp, with a maximum continuous 
rating of 200 amp. The equipment has a 
high power factor, 0-8-0-9 lagging, and 
may be connected direct to a 200/250 V or 
400/440 V a.c. mains supply. 

The open-circuit voltage is 50, which 
provides greater safety for the operator, and 
a reduction of load on the supply. The trans- 
former can be operated without damage at 
temperatures up to 180°C., but should 
there be accidental overheating an auto- 
matic switch cuts off the welding current 
but not the cooling fan. The Company are 
to produce a junction box that will allow 
the coupling of sets to provide 400, 600, or 
800 amp 


DIARY 


5th Jan.—-Sheffield 
Victoria Hotel) 

6th Jan.—South Western— Metal Spraying 
by G. Payne (Radiant House, Bristol) 

7th Jan.—Manchester—Fabrication of Stain- 
less Steel by B. Banks (College of Science 
and Technology). 

8th Jan.—South London—Practical Signifi- 
cance of BWRA Work on Gas Shielded 
Welding Processes by A. A. Smith (54 
Princes Gate, 7.30 p.m.) 
North Eastern (Tyneside)— Welding from 
the Viewpoint of Lloyd’s Register by G 
M. Boyd. 

8th-9th Jan.—British Society of Rheology 

Conference of Behaviour of Metals at 

Low and High Temperatures (Leeds 
University) 

12th Jan.—Sheffield—Talk and Film on the 
Jodrell Bank Telescope by C. N. Kingston. 
Joint meeting with Rotherham Eng. Soc. 
(Rotherham Technical College, 7.15 p.m.) 

13th Jan.—Liverpool—/nspection of Weld- 
ing by D. T. Carter (College of Tech- 
nology, Byrom Street) 


Annual Dinner (Royal 


Tractor links being joined 
in a double-ended 
flash butt welder 


15th Jan.—Southern Counties—Some As- 
pects of Welding Inspection by C. C. Bates 
(Southampton). 

16th Jan.—Birmingham—Jmportance of 
Welding Research for Industry by R. Weck. 

20th Jan.—Eastern Counties— Plastic Theory 
of Structures by T. M. Charlton (Electric 
House, Ipswich, 7.30 p.m.) 

21st Jan.—North Eastern (Tees-Side) 
Heat Exchangers by A. R. Muir. 
Wolverhampton— Resistance Welding and 
Brazing in Light Engineering by E. V. 
Beatson (Holybush Hotel, 7.30 p.m.) 
West of Scotland— Making Electrodes by 
D. C. Cotton. 
Leeds— Manufacture of a Fusion Welded 
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Pressure Vessel by W. Weightman (Gt. 
Northern Hotel, Leeds, 7.30 p.m.) 

22nd Jan.—East Midlands—General Con- 
siderations in Welding Materials for In- 
dustrial and Chemical Plant by M. Birk- 
head (College of Art, Derby, 7.15 p.m.) 

28th Jan.—South London (Medway Sec- 
tion)—Argonarc Welding Demonstration 
(Medway College of Technology, Chat- 
ham, 7.30 p.m.) 
North London— Materials and Fabrica- 
tion Problems in Reactor Technology by 
A. Prince (54 Princes Gate, 7.30 p.m.) 

2nd Feb.— West Wales— Recent Thoughts on 
Structural Welding by A. V. Hooker 
(Swansea Technical College) 
Manchester—Weld Inspection by D. T. 
Carter (College of Science and Tech- 
nology). 

3rd Feb.—East Wales—Modernisation of 
British Railways by M. G. R. Smith and 
R. A. Smeddle (as presented to S. W. 
Inst. Eng. Cardiff on 24th April 1958). 
(S.W. Inst. Eng., Cardiff.) 

East Midlands— Weldability of ND Steels 
by L. Reeve (Welbeck Hotel, Notting- 
ham, 7.15 p.m.) 

Sth Feb.—Eastern Counties— Metal Spray- 
ing Techniques by Mr. Shepherd (Norwich 
City College, 7.30 p.m.) 

North Eastern (Tyneside)—Planning for 
Welding in Shipbuilding by P. H. H 
Rhodes 

6th Feb.—South Western—Gas Cutting and 
Welding by L. B. Smith (Radiant House, 
Bristol, 7.15 p.m.) 


CORRECTION 
An unfortunate transposition of wording 
in part of the Presidential Address (Decem- 
ber 1958 issue of the Journal) has made 
nonsense of one sentence as printed: 


p. 547, left col., 4th para., 2nd sentence, 
should be altered to read: 


“Even ignoring individual variations, the 
processes include: manual covered-elec- 
trode welding; automatic and semi- 
automatic . . . etc.” 





APPOINTMENTS 


Situations vacant 


Chemist required by old-established electrode 
manufacturing company, for electrode control 
and development. Details of experience and 
salary required to Box 225 


Welding Engineer, age 25 to 35, required 
by leading manufacturers of manual and 
automatic arc welding plant and electrodes 
for senior post in the Technical Sales Depart- 
ment. A wide knowledge of welding processes 
and a keen and enthusiastic interest in 
technical sales promotion is essential 

Degree or equivalent qualification pre- 
ferred. Box No. 226. 


The cost of insertions in this column is 3s. 6d. 
a line, or 30s. per inch depth semi-display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be addressed 
to Box , Institute of Welding, 54 Princes 
Gate, London, S.W.7. 


All other matters relating to advertisements 
for this section of the News should be 
addressed to the Executive Editor, 6 Ridge 
End, Hook Hill Lane, Woking, Surrey (Tel. 
Woking 2981) 


Copy should be sent by 6th of each month for 
publication in the following month. 
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Current 


WELDING LITERATURE 


Book Re views 


{dditions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding 


Welding Journals 


fustralian Welding Journal, 1958, vol. 1, August 


The manufacture and application of an open arc automatic 
welder, J. L. Young (11-13) 


Inert gas automatic welding equipment, |. W 
(16-18) 


McGeachie 


Gas shielded welding of structural grade carbon steel, R. A 
Stringer (19-23) 

Boy le 
Estimating quantities in a welding shop, B. Osman ( 
M. Smith (42-45) 


Inert gas welding of steel pressure vessels, | 2¢ 
“ 

Tooling for efficient welding, ¢ 
Journal of the Japan Welding Society, 1958, vol 
August 


Theory of brittle fracture, Pt. 2, M. Otani (3-8) 


Stainless steel overlays on mild steel, Report 1, 1 
(9-13) 


Nannichi 


Wear resistance improvement of spot welding electrode, S 
Onimaru and H. Shomoto (14-19) 

Remote control method of AC welding machine, 2nd method, 
E. Segihara and S. Kikuchi (20-22) 

On the porosity of weld steel with low hydrogen type electrode, 
Report 1, H. Sekiguchi, |. Masumoto, and H. Oda (23-28) 
Melting electrode wire in Mig arc transfer of metal drops, 
Report 3, A. Uchida (29-34) 

Cooling time and brittleness of various steels submitted to weld- 
ing, Reports 1-2, H. Sekiguchi and M. Inagaki (35-43) 
Physical properties of welding slags, K. Okada and T. Fukaya 
(44-50) 


1959 


Przeglad Spawalnictwa (Poland), 1958, vol. 10, Octo- 
ber 
Standardization of weldments evaluation on the basis of radio- 
graphic inspection, Pt. 1, M. Radwan and A. Fa 
On the allowable stresses and safety factor for butt welds, 
Z. Mendera 


Some results of fatigue tests of welded joints and elements, 
T. Robakowski 


MUSZEWSAKI 


Schweissen und Schneiden (Germany), 1958, vol. 10, 


September 

A new method for proving the existence of internal stresses 
caused by welding, W. Rideker (351-358) 

Investigations into the electro-slag process, R. Muller (359-367) 
New knowledge and experiences gained in connection with 
cutting by oxygen, H. G. Kluge (368-373) 

Self-starting welding generator sets with constant voltage, for 
use with railway and mining grids, K. Schydlo (374-376) 


New developments in the field of radiography and the intensifi- 


cation of radiographs, H. Nassenstein (376-379) 


Welding Engineer (U.S.A.), 1958, vol. 43, September 
Braze welding saves an anvil, R. | 
Engineering data sheet No. 216—Corrosion properties of 


titanium, zirconium, tantalum and Type 316 Stainless steel 
(41) 


Proper shielding —sound welds (in welding titanium) (40, 42-43) 
The fundamentals of welding engineering, T. B. Jefferson (44 

46) 

Welding satisfies rigid chemical industry criteria, R 
(48) 

Shift to welded joints for small diameter pipe, H 


(§2-53) 


Rectenwald (38-39) 


Utnehmer 
4. Sosnin 
Unit roofs are welded to columns (57) 


Welding Journal (U.S.A.), 1958, vol. 37, October 


Welding cast components for nuclear-power applications, W. H 
Rice (971—978) 

Welding low-alloy steel castings for high-pressure and high- 
temperature service, N. A. Chapin, C. H. Soldan, and L. W 

Songer (979-987) 

Automatic line tracing in oxygen shape-cutting machines, A. | 

Chouniard and E. L. McDonald (988—990) 

Welding qualification and component performance, W. L. 
Fleischmann (991-996) 








ADDITIONS TO 


Cupro-nickel welding with aluminium bronze, discussion by J. 
Imperati, F. L. Laque, and L. H. Hawthorne, closed by author 
V. Abaravich, of article on pp. 220-224 (997-1000) 

The Atomium dramatizes welding, C. E. Jackson (1001-1003) 

The acetylene flame in the piping industry, H. A. Sosnin 

(1004-1005) 

Precision plus, J. J. View and C. W. Pfleiger (1006-1007) 

Hard surfacing paste aids production of abrasion-resistant sur- 

faces, L. V. Larou (1008-1009) 

Hard surfacing in field and shop keep slag-recovery operation 

going, R. Haas (1010-1011) 


Residual stresses in welded titanium plates, E. F. Nippes and 
W. F. Savage (433s—439s) 


Welding of molybdenum-alloy sheet, K. M. Kulju and W. H. 
Kearns (440s—444s) 

Correlation of metallurgical properties and service performance 
of steel plates from fractured ships, M. L. Williams (445s—453s) 
Advances in welding austenitic materials in the construction of 
chemical apparatus and tanks, J. Mundt (454s—467s) 
Toughness of welds evaluated separately and in composite, 
W. P. Hatch and C. E. Hartbower (455s-462s) 

Studies of stress-corrosion cracking of austenitic stainless 
steel, H. L. Logan (463s—467s) 


Corrosion of Zircaloy-2 sheet weldments, R. Stein and R. E. 
Monroe (468s—472s) 

Static brittle-fracture initiation at net stress 40°, of yield, 
C. Mylonas, D. C. Drucker, and J. D. Brunton (473s—479s) 
University research work, W. Spraragen (480s) 


Welding and Metal Fabrication, 1958, vol. 26, October 
The Marchon fabrication shop; extensive use of welding at a 
famous chemical works, D. M. Potter (350-357) 

Zirconium, F. G. Fox (358-365) 

Vacuum welding of metals, J. A. Stohr and J. Briola (366-370) 
Kingsferry bridge (371-374) 

Practical aspects of automatic welding, J. A. Lucey (375-380) 


Welding News (Australia), 1958, Folio 95 


Oxy-acetylene aids Rheem production line (2-3) 

Flame cleaning finds wide acceptance (4-5) 

Dual coating, a new technique in electrode manufacture (6-7) 
Argonaut welding of stainless steel (8-9) 

Braze welding (11-13) 

Pipe cutting and peak performances (15) 


Welding News (Holland), 1958, No. 90, April 


The Adma enterprise, P. J. Carberry (2-5) 
Stud welding with Philips stud gun, C. E. H. Price (6-9) 


Welding News (Holland), 1958, No. 91, May 


The Philips CO, automatic welding method, J. Camerlick (2-8) 


Welding News (Holland), 1958, No. 92, June 


The French pavilion at the Brussels Universal exhibition 1958, 
G. van Schiack Sillesen (2-9) 


Welding Production (U.S.S.R.), 1958, October 


New fluxes for arc welding, K. V. Lubavsky and E. P. Lvova 
(1-5) 

Iron-nickel electrodes for cold welding of high-strength and 
grey cast iron, G. N. Larin, V. V. Bazhenov, and L. M. 
Yarovinsky (5-8) 

Mechanical properties and weldability of Bessemer vacuum 
treated steel, A. 1. Krasovsky and V. D. Kodolov (8-11) 
Weldability of oxygen melted converter steel, A. S. Astafyev 
(12-14) 

Effect of boron on the tendency of Type 1X13H18B2B heat- 
resisting austenite steels to form hot cracks on welding, A. V. 
Russyan and M. K. Shorshorov (14-18) 
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New method of welding by electrical rivet fusing, A. Y. Brodsky 
(18-21) 

Electroslag welding of 201°C steel, V. M. Seminoy (21-23) 
Features of welding the first layer of gas turbine rotor butt 
seams, V. A. Toropov (24-26) 

Precision automatic arc welding of non-fusing electrode in a 
hydrogen atmosphere, F. I. Kisluk, V. V. Gorbansky, and 
A. F. Khudyshev (26-29) 


Other Journals 


Automatic electrical welding of cathode ray tubes (Engineering, 
1958, vol. 186, October 24, pp. 554-555) 

Electric arc welding with high duty electrodes, E. Kauhausen, 
P. Kaesmacher, and F. J. Adamski (Werkstatt und Betrieb, 
1958, vol. 91, October, pp. 597-603) 

Automatic welding: some considerations on its use, |. C. Fitch 
(Metropolitan-Vickers Gazette, 1958, vol. 29, October, pp. 
265-273) 

Gas shielded self adjusting arc welding as applied to steels—2, 
H. Levinsohn ( New Zealand Engineering, 1958, vol. 13, August 
15, pp. 307-310) 

The use of arc welding in structural engineering, J. S. Allen 
(The Structural Engineer, 1958, vol. 36, October, pp. 334-344) 
Special spot welding methods (7he Brown Boveri Review, 1958, 
vol. 45, May, ‘pp. 223-235) 

How to service resistance welders, Pt. 2: Periodic welder in- 
spection procedure (Machine Production (Canada), 1958, 
vol. 17, September, pp. 28-30, 68) 

Design factors in silver brazing, L. D. Connell (Engineering 
Materials and Design, 1958, vol. 1, November, pp. 96—98) 
Boost powder metal part size. Join sections with silver solder, 
R. H. Weichsel and E. T. Johnson (The Jron Age (U.S.A.), 
1958, vol. 182, October 2, pp. 80-81) 


Sheet metal welding; a report of three papers presented to a 
meeting of the North London Branch of the Institute of Weld- 
ing: Resistance welding, C. A. Burton; Inert-gas welding, F. H. 
Chaffer; Automatic submerged arc welding, F. W. Pinkstone 
(Sheet Metal Industries, 1958, vol. 35, October, pp. 755-766) 
Dip brazing of Aluminium pays with accurate assemblies, 
E. G. Slotta (The Iron Age, 1958, vol. 182, September 25, 
pp. 92-93) 

Non-destructive testing, Pt. 3—use of dye and fluorescent pene- 
trants: auxiliary equipment for local examination (Aircraft 
Production, 1958, vol. 20, November, pp. 420-431) 

How design can effect the fatigue of welded structures, T. R. 
Gurney (Engineering Materials and Design, 1958, vol. 1, 
November, pp. 72-75) 

Stainless Steel as a structural material, I. L. G. Baillie (£ngi- 
neering Materials and Design, 1958, vol. 1, November, 
pp. 92-95) 

Welder trims furnace cost (Sree/ (U.S.A.), 1958, vol. 143, 
September 29, p. 100) 

How a welded frame machine design met a vibration problem, 
R. J. Gillespie (Canadian Machinery, 1958, vol. 69, September, 
pp. 136-139) 

Uses grow for ceramic coatings, F. D. Shaw (The Iron Age, 
(U.S.A.), 1958, vol. 182, September 25, pp. 94-95) 
Application and heat treatment of plain and alloyed steels, 
A. G. Gardner (Mechanical World, 1958, vol. 138, October, 
pp. 438-442) 

Subzero welding in the Antarctic, David Pratt (Torch, 1958, 
No. 18) 

Positioners and manipulators, S. G. Maine (Engineer and 
Foundryman, (S. Africa), 1958, vol. 24, August, pp. 48-52) 
Which clamps are best for jigs and fixtures?, F. Strasser (The 
Iron Age (U.S.A.), 1958, vol. 182, October 2, pp. 84-87) 


ADDITIONS TO THE LIBRARY 
BOOKS AND PAMPHLETS 


British STANDARDS INSTITUTION. BS. 1510:1958. Steels for use 


in the chemical, petroleum and allied industries. Low tempera- 
ture supplementary requirements to BS. 1501-1506. This 
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standard has been prepared as part of a comprehensive 
scheme of codes for pressure vessels for use in the chemical 
and allied industries. These supplementary requirements cover 
temperatures down to 190°C. Care has been taken to 
ensure that there is no conflict between these requirements 
and those specified in BS. 2762 ‘Notch ductile steels for 
general engineering purposes’ and as far as comparable 
quantities are concerned, the requirements are the same 
(Price 4s 6d) 

BS. 1501-1506:1958. Steels for use in the chemical petroleum 
and allied industries. The edition of 1950 has been superseded 
by this new series, part of a comprehensive scheme of codes 
for pressure vessels for use in the chemical and allied indus- 
tries, covering also plates, bars and sections, forgings, castings, 
ind bars for bolting material. Indicated are the nearest 
American equivalent steel in either the A.S.T.M. or the 
A.LS.1 (Price 25s) 

BS. 3014:1958. ‘As welded’ and cold drawn welded austenitic 
stainless steel tubes fox mechanical, structural and general 
engineering purposes 

This standard has been prepared under the authority of the 
Iron and Steel Industry Standards Committee and 1s one of a 
series of British Standards for steel tubes for general engineer- 
ing purposes. (Price 4s 6d) 

Copies of these Standards may be obtained from the British 
Standards Institution, London 


series 


{/uminium windows, September 1958. The Aluminium Develop- 
ment Association, London. (Price 10s 6d) 

Platinum Metals Review, vol. 2, October 1958, No. 4, Johnson, 
Matthey & Company, London 

Barrish WELDING RESEARCH ASSOCIATION 


Interim report on 
CO, shielding of metallic ars 


welding of aircraft steels and 
allovs combined with the use of C.P. welding generators, 
Sepiember 1958. Prepared by B.W.R.A. under Ministry of 
Supply contract 6 Aircraft 13832 CB 6(b). Ministry of Supply 
Technical Information and library services, London 

42nd Annual report of 
ending 28 February 
London 


the Executive 
1958. The 


Committee for the 
National Central 


vear 
Library, 


37th Annual report for the year ending June 30th, 1958. The 
British Cast Iron Research Association, Birmingham. 

Design and operation of low pressure acetylene generators. The 
British Acetylene Association, 1958, London. (Price 7s 6d) 

N. H. Jones, Factories Acts 1937 and 1948; a concise summar) 
applicable to Iron and Steel works, 1958. The United Steel 
Companies Limited, Sheffield. 

in account of the central organisation in the steel industry, 1958 
The British Lron and Steel Federation, London 

Titanium welding techniques. 
No. 6), 1958. 
New York. 


Rules and regulations for the construction and classification of 
steel ships, Notice No. 2120. 1958. Lloyd’s Register of 
Shipping, London. 

UNITED NATIONS. INDUSTRIAL DEVELOPMENT Division. Problems 
of the steel making and transforming industries in Latin 
imerica. 1. Report of the Latin American meeting of experts on 
steel making and transforming industries. 1958, United 
Nations, New York (Price Ss.). 

Wiggin nickel alloys in aircraft. 1958; Corrosion-resisting char- 
acteristics of Wiggin high-nickel alloys. May 1958; Corrosion 
in the petroleum industry. 1958, by Professor F. H. Garner and 
Dr. A. R. Hale; The engineering properties of Monel, Nickel, 
Inconel. 1958, Henry Wiggin & Co. Ltd., Birmingham (Free 
on request) 


bulletin 
America, 


(Titanium engineering 
Titanium metals corporation of 


TRADE CATALOGUES 


“Puma” diesel-electric 
Limited, Ash, Kent. 


generating sets. 1958, Grahame Puttick 
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Welding in the Chemical Industry 


Many of the papers presented at the Public Session of the Vienna Assembly of 
the International Institute of Welding have been or will be published in the 
technical periodicals of the countries of origin. But it is considered to be useful 
to present a record in the JOURNAL of the English titles and synopses of these 


papers 


1t the time of going to press the published sources of most of the papers were 
not known. They are, however, given for reference where possible. 


Typical Examples of Welded Constructions for the Chemical 
Industry. Takeo Naka, Akira Tsuruta, Yoshio Sakai, Keizo 
Tezuka, and Toshie Okumura 

Progress in the che nical industry, especially the latest develop- 
ments in the petroleu n, artificial fibre, and pulp industries, has 
increased the severity of operating conditions, resulting ina 
demand for special welding techniques. The paper describes the 
problems which have been dealt with in a number of applica- 
tions 


Present Status of Welding Engineering in the Japanese Chemical 
Industry. Takeo Maka, Akira Tsuruta, Yoshio Sakai, Keizo 
Tezuka, and Toshie Okumura 

In recent years there has been a great increase in the use of 
welding in the construction of che nical plant made of stainless 
and Cr-Mo steels, aluminium, titanium, copper alloys and other 
metals. The paper describes the present situation in Japan, and 
makes particular reference to the welding of spheres 


Selected Examples of Welded Structures in Chemical Engineer- 
ing, Rudolf Soehngen. (Schweissen u Schneiden, 1958. vol. 10. 
pp 260-265) 

Because of its adaptability in design and in respect of the 
materials used, welding in chemical engineering allows, techni- 
cally and economically, an optimum solution to the problems 
that arise. Welding therefore plays a large part in the styling of 
apparatus. After describing the special problems of chemical 
engineering, the paper emphasizes the requirements that have 
to be met by a weld. Some design examples are illustrated, 
Starting with such basic items as flanges, nozzles, and tube welds 
in heat exchangers. Particular reference is made to the need for 
meeting anti-corrosion requirements. 


Construction of Large Welded Processing Equipment for the 
Chemical Industry. Tebaldo Cavallucci and P. I. Nino Argenti 
The construction of three large pieces of equipment for the 
chemical industry—reactors for synthetic rubber manufacture 





WELDING 


cooiers in stainless steel, and propane storage tanks—is briefly 
described. Information is also given about the different techno- 
logical precesses used. 


Application of Welding to the Construction of Chemical Appa- 
ratus. Paul Richter. (Schweissen u Schneiden, 1958, vol. 10, 
pp. 265-269) 

The paper describes in detail the special welding techniques 
developed for joining thick-walled parts, heavy tops and 
bottoms, and the connections of pipework to chemical appa- 
ratus. There is also a section dealing with hard-facing and 
building up by welding 


Contribution to the Design and Calculation of Welded Hollow 
Vessels for Operation at High Temperatures and Pressures. 
Albert F. Maier. (Schweissen u Schneiden, 1958, vol. 10, pp. 270 
276) 

The author discusses the distribution of stress, deformation, and 
breaking strength in fabricated heavy welded vessels. On the 
basis of previous experiments he indicates the factors to be 
considered in the design of highly-stressed interior tubes, and 
demonstrates the basic calculations for two types of hollow 
high-pressure vessels. 


Weiding at the Lacq Gas Field, P. Berthier, 
viron, R. Terminet, and G. Reynes. 

The recently discovered Lacq field probably constitutes the 
largest area of natural gas in Europe. The offensive and poison- 
ous nature of the gas, coupled with the high operating tempera- 
tures and pressures, have produced considerable problems in 
extraction, transportation, and treatment. The welding of the 
mild steel pipes of the collecting network has been carried out 
and inspected with particular care; for example, all assemblies 
are stress-reiieved. The gas washing towers are fabricated from 
0:3°<C steel and the lower sections are lined with 3 mm thick 
Cr-Ni-Mo steel. The machinery and pipes of the recovery plant, 
carrying the purified gas, have not presented any special 
problems. 


R. Enous, J. Sou- 


Welding of Equipment at the Marcoule Plutonium Extraction 
Plant. Pierre Couturier. (Soudage Techn. Connexes, 1958, 
vol. 12, pp. 277-287) 

A considerable amount of stainless steel was needed for the 
construction of the works for the extraction of plutonium, 
undertaken for the Marcoule Atomic Industrial Centre by 
Manufactures de Glaces et Produits Chimiques Saint-Gobain, 
Chauny et Cirey. One of the greatest difficulties was the develop- 
ment of suitable welding procedures to produce welds that would 
resist the effects of corrosive products, particularly in in- 
accessible areas. Although the plant has been put into operation 
so” recently that no concrete results can be reported it seems that 
the various tests and inspection carried out have ensured satis- 
factory welded assemblies. 


Special Welding Problems in Nuclear Engineering. A. Liithy. 
Although the making of welds in pressure vessels and pipes of 
mild or low-alloy steel presents no fundamental problems, there 
is more uncertainty about welding high-alloy steels and other 
alloys whose weldability is questionable. The report deals firstly 
with normal welds in pressure vessels and pipes, and then 
examines some special examples in nuclear engineering, where 
the execution of pressure-tight welds presented certain problems. 
The discussion ts illustrated by sketches and photographs of 
welds used in the fabrication of a power reactor. 


Vacuum Welding of Metals. J. A. Stohr and J. Briola. (Soudages 
Tech. Connexes, 1958, vol. 12, pp. 165-172) 

A new welding process has been developed by the Commissariat 
a l'Energie Atomique in France, in which the edges of the work- 
piece are melted by the impact of an electron beam. Welding is 
done in a vacuum of 10°* to 10-* mm of mercury. The welding 
equipment consists essentially of a metal enclosure in which a 
vacuum is produced; a cathode for electron emission, with a 
high-voltage generator for acceleration, and a focussing device; 
a mechanical device for moving or rotating the workpiece. The 
process has particular advantages for the welding of highly 
oxidizable metals, such as zirconium, the fabrication of high- 
vacuum-sealed metal containers, and the production of very 
deeply penetrated welds. 


Welding of Nickel and High-Nickel Alloys in the Chemical 
Industry. J. Hinde. (Brit. Welding J., 1958, vol. 5, pp. 311-318) 
Wrought nickel and the high-nickel alloys find many uses in the 


IN THE CHEMICAL 


INDUSTRY 


chemical industry. The paper reviews their major applications, 
and considers the metallurgical and practical aspects of the 
materials, with particular reference to the corrosion resistance of 
the welded joint. The welding technique needed for maintaining 
the continuity of cladding is described for steels clad with nickel 
or high-nickel alloys. The method of strip-lining of vessels and 
the use of overlay techniques as a means of economizing in the 
use of materials is also considered. 


Welding of High-Nickel Alloys for Chemical Plant and Equip- 
ment. R. P. Culbertson and R. C. Perriton. 

The welding characteristics of four nickel-base alloys used in 
fabricating chemical plant and equipment are discussed, and the 
recommended practice to produce welds with optimum corrosion 
resistance is described. Three of the alloys are available in 
wrought form. The techniques for shop and site welding of lined 
and solid constructions are considered, and welding methods 
used for castings in the four alloys are described. Examples are 
given of cast and wrought welded equipment. 


Determination of the Weldability of Steels for the Chemical 
Industry. Alois Zapletalek 

The paper describes some tests carried out to determine the 
weldability of certain types of steel and to establish suitable 
welding techniques. In addition to the results obtained on steels 
with medium chromium contents some information is given on 
investigations of the brittleness of austenitic types of steel at 
high temperatures. 


New Methods for Welding Clad Steels. Josef Cabelka. 


The weldability of stainless steels in general is treated in the 
first part of the paper, which then refers to weld cracking in the 
presence of 2—7°,, remnant ferrite. It is pointed out that the 
oxygen content of the steels plays a significant part in the 
reduction in impact strength, decrease in corrosion resistance, 
and weld cracking in fully austenitic steels. The effects of sigma 
phase are described, and again it is considered that oxygen is 
connected with the difficulties associated with this state. Refer- 
ence is made to the Schaeffler diagram, and the paper ends with 
details of the cutting and welding of clad steels and the pro- 
tection of joints against corrosion by the welding on of highly 
alloyed strips of material. 


Some Aspects of Welding Stainless Clad Steel Cellulose Di- 
gesters. Goeran Almqvist and Erik Erikson. 

The use of stainless clad steel as a structural material for 
cellulose digesters has become more common because of the 
corrosion problems associated with this equipment. The pro- 
cedure for welding this material is discussed, and it is pointed 
out that the submerged-arc process produces sound welds for 
the base material. The paper describes the metallurgical condi- 
tions for successful welding and reports the laboratory tests on 
which the recommended procedures were based. The properties 
of the welds were studied by mechanical tests and by metallo- 
graphical examination 


Metallurgical Conditions for Welding Clad Steel Plates. Wilhelm 
Raedeker. (Schweissen u Schneiden, 1958, vol. 10, pp. 255-259) 
Welds in clad materials have to meet the requirements of both 
materials—mechanical resistance in the base metal, and cor- 
rosion resistance in the cladding. Yet to avoid cracking in the 
base-metal weld there must be no admixture of cladding 
material into this weld. The paper gives details of methods of 
obtaining high corrosion resistance for welds in cladding 
materials such as silver, copper, nickel, chromium steels, and 
austenitic chromium-nickel steels. Subsequent thermal treatment 
should be avoided, but if it must be used it should meet the 
properties of both layers of metal. In the stress-relief annealing 
of austenitic clad steels the temperature range at about 650°C. 
should be avoided. 


Joining of Clad Metals and Lining Techniques. H. Gerbeaux. 


The application of clad steel has been extended, owing to the 
use of welding, to a large range of sheet metal equipment. In 


France, clad steel fabrication is common practice, and it is 
possible to produce drawn tubes of clad steel. The advantages 
and limitations of clad steel as compared with solid construc- 
tions is outlined. Cutting procedures, joint preparation, welding 
methods, and stress conditions for various materials and types 
of assembly are dealt with. Strong linings and thin overlays for 
some apparatus are considered. It is suggested that with the 
increased use of clad materials suitable fabrication techniques 
should be introduced into relevant codes of practice. 





Use and Application of Clad Steel, Metallic Liners, and Overlay 
Deposits in the Manufacture of Vessels for the Chemical In- 
dustry. L. Capel and C. Nederveen 

4 review is given of the various applications of clad steel, 
metallic liners, and overlay deposits from the standpoint of the 
nanufacture of apparatus in which these materials are used 
The problems arising in welding are considered, with special 
reference to the difficulties arising from the dilution of stainless 
steel with unalloyed metal. A number of possible constructions 
ire discussed in the light of the examples given 


Automatic Stainless Steel Overlay of Sulphate Digesters. | 
Schneider and R. J. Walker 


The paper deals with the application of the inert-gas-shielded 
metal-arc (consumable wire) process for the automatic stainless 
steel overlaying of mild steel sulphate pulp digesters that have 
corrosion to a point where the replacement of the 
digester or a reduction in the operating pressure is called for 


suffered 


As the dismantling of a digester is considered to be impractical, 
the overlay is applied to the digester wall in the vertical position 
The development of the initial welding procedure, the applica- 
tion of an experimental 
ligester are described 


test patch, and the complete overlaying 
of a 
Lining a Steel Pressure Vessel with Titanium. F. F. Ates 

i fixed titanium lining, 0-8 mm thick, into 
1 steel pressure vessel is described. The vessel, about 80 cm dia 
ind 4 m long, was intended for use in the petrochemical industry 
it a working temperature of 140 ¢ 
The experience 


commercial sized 


The incorporation of 


and a pressure of about 8 
ndicates that the lining of 
titanium 


atmospheres gained 


pressure vessels with is possible, 


sing the well-established argonarc welding techniques and a 


table quality of tit 

Resistant Cr-Ni Steels of 

Alfred Schmidt 

The development of these steels has n increased the 
bilities in the construction of chemical apparatus, and a 

A special 

ited. The behaviour of the 

described, and the 

1 alloyed Cr-Ni steel is 


Welding Behaviour of Chemically 
Higher Mo and Mo-Cu Contents. 
iterially 
poss 


ej on their welding behaviour is given in the paper 


ple of stress corrosion is illusts 
with various welding processes 1s 
fa pickling vat of Mo-¢ 


uction oO 


nentioned 


Comparison between Low-Carbon Austenitic Stainless Steels and 
Stabilized Steels for Welded Chemical Apparatus. Borje LOfblad 
ind Gunnar Lindh 


e¢ paper describes investigations in which austenitic steels of 
8 8 type, with carbon contents varying between 0-03 and 


were compared with steels of corres sonding cCOMPposi- 
The steels 
heat-treatments in the 
50 C. Corrosion tests were also carried out. The 
results are discussed on the basis ol investigation in 
heating effect on the material during the welding 

iustenitic low-carbon steels 

with titanium- 


espects they are superior 


which the carbon was stabilized with titanium 


microscopically examined after 
range 650 
inother 
ch the 
y . noded It mNNesr +} ' 
process Was stuciec ppears that 
less than 0-06".¢ ire illy comparable 


red steels, anc 


1 in some 


Development of a Transition Weld between Ferritic and Austen- 
itic Superheater Tubing for Steam Plant Application. Borje 
LOfblad and Gunnar Lindh 


‘ 


method of n j 


joints bet ferritic and 

er tubes is described, in which 

iate piece of an alloy with a high nickel content is 
i) 


This alloy has a chromium conten 


aking weldex ween 


als in superheat 
ntermed 
about the same as that 

il and its carbon is stabilized with niobium 

ne litable have shown that the 
coefficient of ‘rmal expansion for this insert alloy, in the 
range 20 —600 (¢ sn between those for the ferritic and 
stenitic steels: for 


element. Tests 
dway 
this reason there are smaller stresses in a 
oint made with this insert than in one made with a direct weld 
between the two n Microscopic examination of long- 
innealed material shows that the nickel prevents 
carbon diffusion from the ferr The paper also includes 
at room temperature and stress-rupture 


‘ 1 
ateTials 
alloy 
tic Steel 


resuits ol tensile tests 


tests at 600 ¢ 


Evolution of the Hanford Technique for Inert-Gas Welding of 
Austenitic Stainless Steel Piping Systems. Eugene B. La Velle 


The extremely high quality of welding required at Hanford for 


installations of austenitic stainless steel vessels and 


pressure 
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piping systems for conveying radioactive chemical solutions has 
necessitated an extensive examination of the known techniques 
concerned with the use of the inert-gas-shielded tungsten-arc 
process. The welding problems at Hanford are typical of those 
existing in the nuclear industry, and the methods used to obtain 
superior welds have resulted in a consistent improvement in 
fabrication. The various methods which been used are 
evaluated according to economics, degree of skill needed, and 
the quality of the weld 


have 


Welding of Cr-Mo Steel. Paul de Marneffe 


The fabrication of large parts of Cr-Mo air-hardening steel 
requiring considerable floor space poses very diff 
of welding. The paper shows that the use of standard 


steel electrodes has already pet 


cult problems 
austenitic 
nitted the achievement of many 
practical applications, but that a particular electrode with a high 
nickel content has special advantages 


It is considered that this 
electrode makes a much more homogeneous joint 


Flawless Welding of Austenitic Steel Castings. W 
A. Keller 

Various methods have been proposed for the prevention of the 
transition zone cracking that occurs in the welding of austenitic 
steel castings. It is considered that the best way to overcome the 
difficulty is to peen the joint edges before welding. The tendency 
of the primary grain boundaries to cracks is thereby reduced, 
and during subsequent welding new grain growth occurs which 
avoids any cracking 


A. Stauffer and 


New Electrodes for Welding Thick Sheets. Jan Wegrzyn 

The paper describes the difficulties that arose during the develop- 
ment of copper electrodes for the manual arc welding of copper 
It gives details of thick coated electrodes for manual arc welding 
of thick plates, and provides information on the mechanical and 
metallographical properties of welded joints in 20 mm thick 
copper plates 


Tomlinson and 


JOR) 


Automatic Welding of Aluminium Plate. J. | 

D. Slater. (Brit. Welding J., 1958, vol. §, 361 
The successful operation of automatic welding methods depends 
on a thorough understanding of the interaction of 
variables 


all process 
Tests are described in which individual variations are 
studied and the results obtained are used to predict the welding 
conditions for the high-quality close square butt welding of plate 
up to 3 in. thick. Greater thicknesses cannot be welded in this 
manner owing to the welding current limitations of 400 
imposed by existing equipment 


imp 


Powder Cutting in the Chemical Industry. Valentin Trunschitz 
The paper deals with a practical method of investigating the 
effect of the power cutting process on the metallurgical changes 
in the area of the cutting edge subjected to heat. The materials 
used were a stabilized and a non-stabilized 18 8 Cr-Ni steel. A 
simple way of detecting the metallurgical changes is described 
from which the production engineer can decided what method of 
finishing—brushing, grinding, or milling—is needed 
damage to the cut edges that would lead to corrosion 


to prev ent 


Pulsating Pressure Fatigue Tests on Pressure Vessel Branch 


Connections. P. H. R 
pp 327—332) 


Lane. (Brit. Welding J.. 1958. vol. §, 
The paper describes a limited investigation of the behaviour of 
model pressure vessels (20 in. dia., | in. thick) subjected to 
pulsating internal pressure. Each vessel was provided with one 
branch, and the object of the tests was to compare four different 
welding details used for attaching the branches to the shells 
Two of the joint details had interpenetrating welds made from 
the inside and outside of the shell, and two had inner and outer 
welds which did not fully penetrate the shell thickness. Examina- 
tion of the fractures showed that the root area of the welds in 
the latter designs was not a source of weakness 


Effect of Welding and Stress Relief on the Parent Plate. J. f 

Roberts. (Brit. Welding J., 1959, vol. 6) 

The mechanical properties of the heat-affected zone of a welded 
plate are shown to be equal to those of the parent plate, pro- 
vided that cracking, or excessive hardening that might lead to 
cracking, is absent. This applies to mild steel, notch ductile 
steels, and low-alloy high-strength weldable steels. Initiation of 
brittle fracture in a welded structure is shown to be highly 
dependent on the presence of residual stresses, though the use of 
notch ductile steels considerably reduces the risk of 
fractures, even in the presence of residual stresses 


such 







































































































































































































































































































































































































































































NEW MUREX PRODUCTS for automatic welding... 


New Murex products for automatic metal arc welding are the “Muramatic” automatic equip- 
ment, “Muraflux” granular fluxes and “Murawire” filler wire. With the Murex “Coilex” electrode, these 
new products make available a complete Murex service for automatic are welding. 


« MURAMATIC ” This equipment is suitable for both the 
open arc and submerged arc processes. The welding head is avail- 
able as a separate unit or mounted on a deckwelder. Designed for 
use with currents up to 1200 amp. on either A.C. or D.C. A full 
range of ancillary apparatus is available. 

«6 MURAFLUX A” Specially developed as a high quality 
granular flux for the submerged arc welding of mild steel and can 
be used with either A.C, or D.C. Approved by Lloyds Register 
of Shipping and accepted by the Ministry of Transport. 
“MURAFLUX S1” is also available for the submerged arc 
welding of stainless steel 


eM 
MUREX 


V 


«“ MURAWIRE ” Available as a mild steel filler wire con- 
taining approximately 2% manganese or as a normal mild steel 
wire. When used with “Murawire”, “ Muraflux A” produces good 
quality welds of a high radiographic standard and can be used 
for Class 1 work. 


«6 COILEX ” The Murex “Coilex” electrode is designed for 
use with all types of D.C. automatic welding machines designed 
for continuous coated electrodes. It is suitable for welding all 
classes of steel work and produces butt or fillet welds of a high 
radiographic standard. 


A complete service for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 
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Photograph illustrating the FUSARC/CO, process by courtesy of Quasi-Arc Limited 


The use of low pressure CO) gas as an inert shield in 
the welding of steels is increasing. CO, is not only 
cheap — it enables high quality welds to be made in 
the shortest time. 


Where automatic welding machines have been specially 
modified to use this technique, the simplicity, ease of 
slag removal and high speed of welding have been 
found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 
to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO, to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO) arc welding. 
Single 28 Ib. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 
of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO) is also available in solid 
form for use with “Cardice’ Converters. 
All enquiries for further information should be addressed to Bulk liquid can be pumped direct from the Company’s 
THE DISTILLERS COMPANY LIMITED road tankers into customers’ static tanks (of capacity 
aE ns 1} or 6 tons) without interrupting the flow of CO; 


to the operators. 
Devonshire House, Piccadilly W.| 


Telephone : Mayfair 8867 


Depots ond Branches throughout the U.K. 
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This press is equipped with two independently 
operated rams and tables which can be linked to 
the main table when required. Hugh Smith 
hydraulic presses offer higher performance with 
greater reliability and more modern design. 

Four-column presses are built to customer’s 
exact requirements regarding power and capacity 
and by combining the advantages of self-contained 
electro-hydraulic equipment with specialised 
press design, an extremely useful machine is 
produced. 


HUGH SMITH & CO. (possi) LTp. 
HAMILTONHILL ROAD, GLASGOW, N.2 
Telephone: POSSIL 8201/3 Telegrams: ‘‘POSSIL, GLASGOW"’ 
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WIRE FOR ELECTRODES 


Richard Johnson & Nephew Lid - Manchester 11 


Tel.: EAST 1431 
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FASTER WORK ! 50°, to 100°, faster 


than with normal mild steel electrodes. Easier, 





too! Slag /ifts off, eliminating usual chipping 
and brushing. 








BETTER WORK! Leaves a smooth 


even weld with perfect surface finish, and 


excellent mechanical strength. 





AT LESS COST ! Saves ail the way— 
means more output, and a better job all round. 
Reduces work before finishing to a minimum. 





IRON POWDER ELECTRODE 


The C23 electrode is specially designed for 
—*] . very fast welds in the downhand, standing 
PHILIPS i fillet, and horizontal-vertical positions. 
la *, r 
Ss Immediate striking and re-striking of the arc. 
WY Flexible length of deposit; e.g. a standing fillet 
can be made with one electrode within the 
range 10°—30” in length at the same current 
Philips Electrical Ltd setting. 
Industrial Products Division 
Century House - Shaftesbury Avenue 
London - WC2 


Chief characteristics of the electrode are : 
High rate of metal deposition. 
Extremely easy slag removal. 
Ease of welding. 
Excellent weld appearance at all speeds. 
Suitable for COR-TEN Steel. 
Less sensitive to plate impurities than normal 
mild steel electrodes. 
B.S.1719 : 1951 code No. E 927. 
The type C23 may be used on either A.C. or 
D.C. 
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Always ask for 


“ALDA" 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range ot rods 

and fluxes. And a complete range 

of welding accessories— 

from goggles and gloves 

to friction lighters and wire brushes. 

ALWAYS ASK FOR ALDA 


W rite tor tully illustrated literature. 





KO) BRITISH OxXYGEN 


— 


British Oxygen Gases Ltd., industrial Division, Spencer House, 27 St James's Piace, London, S.W.1. 
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